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HE telephone is, by its design, 

a harmless instrument. Its po- 

tentials are low, and its cur- 
rent-carrying parts are enclosed and 
out of the user’s reach. Unusual volt- 
ages and currents, if any are to be 
anticipated, are excluded by station 
protectors. Small sparks at contacts 
create no hazard in normal atmos- 
pheres. Occasionally, however, tele- 
phone service is wanted where an ex- 
plosive atmosphere may be present, 
as in gas works, oil refineries, or 
chemical plants. For such locations, a 
telephone set of the manual type was 
developed some years ago. The 
switchhook contacts were enclosed in 
a small cylinder, the induction coil 
potted, the terminals protected, and 
other precautions taken. This set* 
has proven entirely satisfactory, and 
later an enclosed dial was developed 
to make dial service also possible in 
explosive atmospheres. More recently, 
however, the demand for telephone 
service in places where explosive 
atmospheres exist has increased. It 
seemed desirable, therefore, to design 
a compact set that could be used for 
either manual or dial service. The 
320 type telephone set, shown above, 
is the result of this work. 

*RecorD, June, 1934, 
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A Telephone Set 
for Explosive 
Atmospheres 


By H. I. BEARDSLEY 
Station Apparatus Development 


The principle on which the design 
is based is to install all of the appa- 
ratus except the handset, the finger- 
wheel of the dial, and the gongs in a 
strong and tightly closed housing. 
Although this housing is not gasproof, 
it is so strongly made that should 
explosive gases enter it and be ignited, 
the housing would remain intact, and 
the high pressures built up inside as a 
result of the explosion would escape 


Fig. 1—The base of the new set provides 

termination for the wires and is designed to 

support the housing and to mount on a wall, 
either directly or by use of a backboard 
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over so long and restricted a path 
that the gas would be cooled below 
the combustion temperature before 
reaching the outside. A modified 
handset is also provided, and addi- 
tional precautions were built into it 
so that during installation and main- 
tenance explosions would not be 
created by sparks or arcs originating 
in the handset. 

The set provided is cylindrical in 
shape and built in three parts: a 
base, a housing, and a face plate. The 
handset forms a fourth part of the 
complete set. 

The base, shown in Figure 1, is de- 
signed for supporting the housing and 
for mounting on a wall, either directly 
or by use of a backboard, or on a 
pedestal-type support, shown in Fig- 
ure 2. It also provides three spring 
terminals for the two line wires and 
the ground conductor, and a conduit 
entrance at top and bottom, into 
either of which the conduit carrying 
the wires may be screwed. Rigid con- 
duit installed in accordance with the 
requirements of the National Elec- 
trical Code for hazardous locations 
must be employed, but none of it 
forms part of the set. The base car- 
ries an externally threaded annular 
projection to which the housing is 
screwed. It also carries two springs, 
which when compressed by the hous- 
ing prevent lateral movement due to 
thread clearance. A small cavity in 
the center of the base provides space 
for storing slack wire, and is covered 
with a metal plate after the wires 
have been connected to the spring 
terminals. 

The housing is of the same external 
diameter as the base and houses all 
the apparatus in a way to minimize 
unoccupied space and thereby reduce 
gas volume. As viewed from the back, 
it appears as shown in Figure 3. It 
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Fig. 2—Where more convenient, the set may 
be mounted on a pedestal 


has an internal thread for fastening 


.to the base, and three contact studs 


which make contact with the spring 
terminals when the housing is screwed 
in place. Although the wall of the 
housing is of ample thickness at all 
points, the front is of irregular shape 
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since it is designed to provide cavities 
for the various pieces of apparatus. It 
is hidden by the cover, however, and 
so the set presents a smooth appear- 
ance from the outside. 

Both the dial mechanism and the 
ringer are within this housing, but the 
dial fingerwheel and the gongs and 


Fig. 3—The housing includes all the appa- 
ratus, and screws to the base 


clapper of the ringer are mounted on 
the front of the housing as shown in 
Figure 4. The dial fingerwheel is car- 
ried on an auxiliary shaft passing 
through a long, close-fitting bearing, 
and inside the housing is connected to 
the regular dial shaft through a link- 
age member that compensates for 
misalignment of the two shafts. The 
clapper for the bell is operated 
through a similar shaft and bearing. 
While these bearings are not gas 
tight, their clearance is so small and 
their length so relatively long that 
burning gas, escaping under the pres- 
sure of an explosion within the hous- 
ing, will be cooled below the ignition 
point before it reaches the outside. 
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A pin, used as a link between the 
handset-supporting hook on the out- 
side of the housing and the associated 
contacts within the housing, passes 
through a similar close-fitting bearing. 

The face plate, which is shown in 
the photograph at the head of this 
article, serves to conceal the irregu- 
larities in the front of the housing 
and to protect the fingerwheel and 
gongs. It is fastened to the housing by 
three screws, and is slotted over the 
gongs to let the sound out. It also 
covers the lock, which is mounted on 
the front of the housing. The bolt of 
the lock, when in the locked position, 
retains a long steel pin, which passes 
through the housing outside the ex- 


Fig. 4—The gongs and dial fingerwheel are 
mounted on the front of the housing 
under or within the face plate 


plosion chamber, and into a recess in 
the base. With the pin in the locked 
position it is impossible to turn the 
housing, and thus it cannot be re- 
moved without unlocking. 

In installing the set, the base is 
first fastened to the wall, the conduit 
run to it, and the wires pulled in and 
fastened to the spring terminals. The 
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housing is then screwed 
on, which brings the 
three contact studs on 
the housing into con- 
tact with the spring 
clips in the base. The 
length of these studs is 
made such that they 
will not engage or dis- 
engage the clips except 
when a sufficient num- 
ber of threads are en- 
gaged to prevent flame 
passing to the outside. 

The handset, shown 
in Figure 5, js con- 
nected to the housing 
by a rubber-insulated 
cord, which passes into the housing 
through a rubber-sealed clamp re- 
movable only with a special tool 
from inside the housing. The handset 
is of such construction that if gases 
seep into it and are ignited, no flame 
will be propagated to the surrounding 
atmosphere. To accomplish this a 
special transmitter unit is employed, 
and it, together with the receiver unit 
and cord, 3 is so assembled in the han- 
dle that it is not feasible to replace 
them in the field. When any part of 
the handset becomes defective, there- 
fore, the handset and cord assembly 
must be replaced as a unit. Since this 
requires the removal of the housing, 
the circuit to the cord is broken be- 
fore the cord can be disconnected. 

Since the set is designed to with- 
stand an internal explosion, the base 
and housing are made of a high-tensile 
strength alloy and are strengthened 


Fig. s—The handset is connected to the housing by a rubber- 
insulated cord through a rubber-sealed clamp 


by stiffening ribs. In this way a large 
factor of safety is secured. Special 
finishes and treatment of the com- 
ponent apparatus and parts are used 
to minimize deterioration due to 
corrosion, since the places where 
these sets are used frequently have 
corrosive as well as explosive at- 
mospheres. Resistors are shunted 
around the condensers in the ringing 
and receiving circuits to dissipate any 
charge that otherwise might remain 
on the condensers. This avoids the 
possibility of a spark from the release 
of the charge when the set is opened. 
Special fuse protection, which is al- 
ways installed remote from the ex- 
plosive atmosphere, has also been 
designed for use with the set as 
an additional safeguard. This tele- 
phone set has been tested and listed 
by the Underwriters’ Laboratories 
for certain specified atmospheres. 
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Silicon Carbide Varistors 


By R. O. GRISDALE 
Research Department 


S MIGHT be inferred‘ from its 
name, the silicon carbide var- 
istor owes its distinguishing 

characteristics to the properties of 
silicon carbide, which is familiar as an 
abrasive. As it comes from the elec- 
tric furnace in which it is made, this 
substance is in the form of large 
crystalline aggregates such as those 
shown in the headpiece of this article. 
When these aggregates are crushed and 
a mass of the resulting small granules 
is compressed between metallic elec- 
trodes it has a current-voltage charac- 
teristic in double logarithmic coérdi- 
nates such as is shown in Figure 1. 
Since the characteristic of an ohmic 
resistance in such codrdinates is a 
straight line inclined at an angle of 
forty-five degrees to the current and 
voltage axes, it is apparent that, while 
at low voltages the unit obeys Ohm’s 
law, the current increases much more 
rapidly than in direct proportion to 
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the voltage as the voltage is increased. 
The result of this is that the resistance 
of the unit decreases with increasing 
voltage; but, unlike that of the copper 
oxide varistor, its resistance is inde- 
pendent of the polarity of the applied 
voltage and hence it does not rectify 
an alternating potential. 

Experiment has shown that the 
specific resistance of silicon carbide, 
when measured in such a way as to 
eliminate errors due to contact re- 
sistance, is small and independent of 
voltage. Consequently the departure 
of a compressed aggregate of carbide 
granules from Ohm’s law does not 
originate within the grain but is 
localized at the points of contact be- 
tween adjacent particles. The voltage- 
dependent resistances of the inter- 
granular contacts act in series with 
the internal or body resistances of the 
grains themselves.‘and the mass of 
granules may be idealized as a large 
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number of contacts arranged in series 
and in parallel as is indicated in 
Figure 1. Because of the series ar- 
rangement of body and contact re- 
sistances, the net resistance of a mass 
of carbide granules does not decrease 
indefinitely as the applied voltage is 
increased but it approaches as a limit 
a resistance equal to the sum of the 
body resistances of the grains them- 
selves. The schematic circuit diagram 
for a mass of granules is given in 
Figure 1 and the shape of the resist- 
ance voltage characteristic is given to 
show how, at high voltages just as at 
low voltages, the resistance is inde- 
pendent of voltage. The constancy of 
resistance at high voltages means that 
Ohm’s law is obeyed and this fact is 
further illustrated by the dotted por- 
tion of the current- 
voltage characteristic 
in the figure. The na- 
ture of this character- 
istic is such that over 
a considerable range 
the current, I, is pro- 
portional to the n*# 
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all of the applied potential appears 
across the interface between the cop- 
per and cuprous oxide. 

The current-voltage characteristic 
of a mass of silicon carbide granules is 
symmetrical about the origin; but 
this need not necessarily lead to the 
conclusion that each individual con- 
tact between particles has a resistance 
independent of the direction of cur- 
rent flow. For if a large number of 
rectifying contacts, such, for example, 
as single copper oxide varistor discs, 
were arranged at random it is prob- 
able statistically that there would be 
equal numbers rectifying in either 
sense and hence that the total resist- 
ance would be independent of the 
polarity of the applied voltage. While 
consideration of this statistical sym- 
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gregate of granules 
several intergranular 
contacts always act in 
series and as a consequence the voltage 
drop across any single contact is 
never more than a fraction of the total 
voltage applied to the unit. It is be- 
cause of this that the silicon carbide 
varistor is essentially a higher voltage 
device than the copper oxide varistor; 
for in the latter there is but one volt- 
age dependent contact and virtually 
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Fig. 1—Electrical characteristics of granular silicon carbide 


metry is undoubtedly of importance 
in any study of this nature, it may not 
be the sole underlying reason for the 
symmetry of the characteristic for the 
silicon carbide varistor. 

While a unit composed of small 
granules of the carbide compressed 
between metallic electrodes possesses 
the desired varistant properties, it is 
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through an electrically 


heated gas-tight tube.* 
After passage through 


the furnace, the sam- 


ples are very hard, 
strong, stone-like discs 


POTENTIAL IN VOLTS 
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and, to attach suitable 
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electrodes, firmly ad- 
herent layers of tin, 
copper or other metal 
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Fig. 2—Characteristic curves for varistors 0.045 inch thick 
and 1.3 square inches area. Sample a passed through the 
furnace at § minutes per inch; sample 8 at 15 and sample 


C at 12 minutes per inch 


unsuited for practical use because its 
characteristics are subject to mechani- 
cal vibration and to variations in 
pressure. To secure the required sta- 
bility and small size, other means of 
holding the grains of carbide in con- 
tact are employed; and the silicon 
carbide varistor now in use consists of 
such granules firmly embedded in a 
vitreous ceramic matrix. 

The granular carbide is mixed with 
a plastic clay and a small amount of 
graphite. After adding water, the 
mixture forms a plastic mass which is 
forced through screens until it is 
finally obtained as a damp granular 
powder. This damp material is com- 
pressed to the desired size either in 
steel moulds on hydraulic presses or in 
automatic tableting machines. In 
either case, however, the pressure em- 
ployed is about eight tons per square 
inch and care is exercised to ensure 
that the pressed parts are not lami- 
nated or cracked. After drying in an 
oven to remove the water added in 
mixing, the pieces are heat treated in 
an atmosphere of hydrogen and nitro- 
gen, the furnace employed for the 
heat treatment being so constructed 
that the pieces pass at uniform rates 
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are sprayed onto their 
two opposing faces. 
Since the varistors are 
porous and_ because 
moisture condensed in 
the pores leads to elec- 
trochemical polariza- 
tion, they are vacuum impregnated 
with some moisture-repellent material. 


*Recorp, March, 1935, p. 214. 
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Fig. 3—Resistance of the varistors of Figure 
2, measured at 20 volts and plotted against 
length of heat treatment 
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The electrical char- 


acteristics of the com- 
pleted varistors are de- 


pendent on their com- 


positions and on the 
heat treatment to 


which they have been 


subjected. Merely by 
varying the tempera- 


ture of the furnace and — 


at 


POTENTIAL IN VOLTS 


the rate of passage 


through it the specific 4 
resistance of the ma- 


terial—or its resistance 05 


at some selected volt- 
age gradient—can be Ou 


varied a hundred 
thousandfold. It is 
this fact which makes 
necessary the precise 
control of firing condi- 
tions, since it is found that a change of 
less than 0.2 per cent in the tempera- 
ture of the furnace is sufficient to pro- 
duce significant variation in the re- 
sistance of the varistors. 

The effect of varying the rate of 
passage through the furnace on the 
properties of typical silicon carbide 
varistors is shown by the current- 
voltage characteristics of Figure 2. 
As the rate decreases, or, in other 
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Fig. s—An indication of the variety of characteristics which 
can be obtained in silicon carbide varistors 


words, as the duration of heat treat- 
ment increases, the specific resistance 
of the varistor decreases and as a 
consequence the current-voltage char- 
acteristic is shifted bodily from left to 
right in the figure. The successive 
characteristics were obtained from 
varistors which had been subjected to 
progressively lengthened heat treat- 
ments and the relation between the 
rate of passage through the furnace 

and the resistance at 


20 volts is shown in 
Figure 3. This figure 

RESISTANCE illustrates the fact that 

10 the resistance of the 

z 5 —— = varistors does not de- 

crease continuously as 

Z| a the duration of heat 

o5 treatment is increased 

, but rather that it ap- 

on proaches a minimum 
0-7 10-6 0-5 jo-4 limiting value. It is 
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Fig. 4—Curves of Figure 2, when rearranged, show clearly 
that high resistance varistors depart more from Ohm’s law 


than do ones of low resistance 
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thus impossible, by 
varying the firing proc- 
ess, to produce var- 
istors of a specific re- 
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sistance less than a certain minimum 
value. Despite this fact, however, 
varistors of very greatly varied char- 
acteristics can be prepared. Perhaps 
the minimum resistance which can be 
obtained by varying both size and 
heat treatment is somewhat less than 
a thousand ohms at low voltage but 
there is no practicable upper limit to 
this resistance. 

Unfortunately, there is associated 
with a decrease in the specific resist- 
ance of silicon carbide varistors a 
decrease in the value of x, or, in other 
words, in the degree of departure 
from Ohm’s law. To illustrate this 
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Fig. 6—Characteristic frequency distribu- 
tion curves: A, when measured at high 
voltage; B, at low voltage 


fact, the characteristics a and B of 
Figure 2 have been so displaced in 
Figure 4 that at high voltages they 
coincide, and it is seen from this figure 
that the varistor a departs more from 
Ohm’s law than does the varistor B 
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having the lower specific resistance. 
The curve B is similar to that which 
would be obtained if an ohmic resist- 
ance having the characteristic given 
by the dotted line were connected in 
parallel with the varistor having the 
characteristic A in the figure. As a 
matter of fact, the decrease in the de- 
gree of departure from Ohm’s law 
with decrease in specific resistance is 
due to the creation of ohmic leakage 
paths in shunt with the intergranular 
contacts during the firing process. 

As an indication of the variety of 
characteristics which can be obtained 
in silicon carbide varistors, a series of 
current-voltage curves is given in 
Figure 5. Although such a wide 
variety of varistors can be prepared, 
it still has been possible to reproduce 
any given characteristic over a period 
of several years. Characteristic fre- 
quency distribution curves taken on a 
large lot of varistors are shown in 
Figure 6. In this figure curve a is for 
the resistance measured at a high 
voltage, while curve B shows the dis- 
tribution of resistance values at a low 
voltage on the same lot of varistors. 
The two curves serve as an illustra- 
tion of the fact that the spread in re- 
sistance values becomes smaller for 
higher measuring voltages. Since the 
low-voltage resistance value is deter- 
mined largely by the electrical char- 
acteristics of the ceramic matrix, this 
indicates that the shunt resistances 
created across the intergranular con- 
tacts during the heat treating process 
are of a less reproducible nature than 
the characteristics of the contacts 
themselves. 

It is largely changes in these shunt 
resistances with time which account 
for the aging process in silicon carbide 
varistors. In general, there is a ten- 
dency for the. varistor to, increase 
slightly in resistance with time and 
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the rate with which this change occurs 
as well as its: magnitude is augmented 
by an increased temperature or by 
frequently repeated voltage surges. 
When a surge potential of the magni- 
tude encountered in normal service is 
applied to a varistor, its resistance is 


permanently increased. 
1000 


half its original value when the tem- 
perature is raised about forty-five 
degrees Centigrade. At higher volt- 
ages the temperature coefficient is 
much smaller, and this fact is illus- 
trated by the current-voltage charac- 
teristics taken on a varistor disc at 


However, if the surge 
500 


is applied repeatedly, 
the resistance does not 
continue to increase, 100 


but, instead it ap- 
proaches a constant 


TEMP. IN 


DEGREES C 
=| 


limiting value. While 
the magnitude of this 


permanent increase in 
resistance is a function 


POTENTIAL IN VOLTS 


of the surge voltage, it 


is in general less than 7 
ten per cent of the 


0.1 


original value. For 10-6 
surges whose peaks 
correspond to voltage 
gradients of about a 
hundred kilovolts per 
inch there is a large 
and permanent decrease in resistance, 
particularly at low voltages, and this 
decrease approaches a limiting value 
as the surges are repeated. The in- 
crease in resistance with normal use 
corresponds in part to the removal of 
the ohmic resistances in shunt with 
the contacts, while the decrease in re- 
sistance after high voltage surges is 
due to the creation of additional leak- 
age paths by the discharge. 

Besides these permanent aging ef- 
fects, silicon carbide varistors exhibit 
a reversible resistance change with 
change in temperature. The tempera- 
ture coefficient of resistance is nega- 
tive, and at low voltages it is such 
that the resistance decreases to one- 
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Fig. 7—For the same voltage, current approximately doubles 
with increase of temperature from 1 degree Centigrade to 


45 degrees Centigrade 


different temperatures as shown in 
Figure 7. 

Because of its refractory nature, the 
silicon carbide varistor is a relatively 
stable device. It may be subjected 
repeatedly to temperatures up to 
350 degrees Centigrade such as might 
result from a power overload and it 
will withstand repeated voltage surges 
of several thousands of volts per inch 
without breakdown and even without 
substantial change in its character- 
istics. Since it is a higher-resistance, 
higher-voltage element than the cop- 
per oxide varistor, it supplements the 


‘latter which finds application as a 


varistor principally in low-voltage, 
low-resistance apparatus. 
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The C5 Carrier Terminal 


By G. W. COWLEY 
Carrier Telephone Development 


HOULD one enter an office hav- 
ing some of the new C5 carrier 
terminals* as well as some of 

the older C terminals, the first dif- 
ference to strike his attention would 
*REcORD, August, 1940, Pp. 354. 


Fig. 1—A Cs terminal, at the left, occupies less than one-third 
the space required for one of the earlier C-carrier terminals 
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probably be the smaller space required 
by the new terminal. While more than 
three bays are required for the older 
equipment, including its associated 
pilot channel, a single bay is sufficient 
for all of the new equipment including 
the pilot channel, and 
in addition leaves 
some space available 
for mounting other as- 
sociated equipment in 
the upper part of the 
bay. The actual 
mounting space re- 
quired for the new 
equipment is less than 
twenty-five per cent 
of that required for 
the older equipment. 
This great difference 
in size is partially 
brought out in Figure 
1, where a Cs terminal 
is shown at the left, 
and an older C termi- 
nal—minus the regu- 
lator —at the right. 
The regulator used 
with the older system 
is mounted on a sepa- 
rate bay and does not 
appear in the photo- 
graph. The fewer vac- 
uum tubes required 
by the new system 
would probably be 
noticed at a second 
glance, and many 
other improvements 
would be discovered 
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as the two systems were compared 
more closely. Both old and new C 
systems provide three channels in 
each direction and occupy approxi- 
mately the same frequency range. 
The great reduction in size has been 
effected by the utilization of new ap- 
paratus and methods that have been 
developed since the earlier systems 
were standardized. The new band 
filter and modulator-demodulator 
panels, for example, each occupy but 
one-quarter of the amount of space 
previously required. Two of the two- 
tube negative feedback amplifiers are 
used to replace the two six-tube 
amplifiers previously used. The regu- 
lator equipment has also been greatly 
reduced in size. 

A block schematic of the C5 termi- 
nal is shown in Figure 2, where those 
elements not strictly a part of the 
terminal are shown in dotted lines. 
The terminal itself is terminated as a 
four-wire circuit to permit it to be 
directly connected to any other four- 
wire circuit—either voice-frequency 
or K or J carrier—but where desired, 


a four-wire terminating set is pro- 
vided to transform the four-wire to a 
two-wire circuit. 

From this four-wire terminating 
set, the outgoing speech passes di- 
rectly to the modulator, the circuit of 
which is shown in Figure 3. A repeat- 
ing coil is provided to isolate the bal- 
anced terminating set from the un- 
balanced modulator circuit, and a 
low-pass filter to reduce any carrier 
leak that might have entered the 
circuit from a preceding carrier link 
when two type-C systems are con- 
nected in tandem. The modulator 
proper consists of four copper-oxide 
varistor elements arranged in a bridge 
circuit balanced with respect to the 
carrier, so that under ideal conditions 
the carrier, connected across opposite 
corners of the bridge, will produce a 
zero potential difference across the 
other two opposite corners, and thus 
will not appear on the line. In this 
way the carrier is suppressed. One of 
the resulting side bands will be elimi- 
nated by the modulator band filter, 
and thus only one side band is sent 
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over the line. An output pad, and a 
network consisting of either a series 
retard coil or a shunt condenser—the 
latter shown dotted on the diagram— 
serves, in conjunction with the output 
circuit, to provide the proper imped- 
ance termination for the modulator. 
The output pad permits a small range 
of level adjustment. 

The oscillator is coupled to the 
modulator through a transformer, and 
the series resistance between the 
transformer and the modulator, to- 
gether with the impedance of the 
transformer, provide the proper a-c 
impedance termination for the carrier 
branch of the modulator, while the 
shunt retard coil and resistance pro- 
vide the proper d-c termination. The 
modulator unit may be considered as 
an electrical switch. When current 
from the oscillator flows in one direc- 
tion, the copper-oxide discs are 
conducting, and hence have a low im- 
pedance. The series-parallel combi- 
nation of the four arms of the bridge 
thus present a low-impedance shunt 
to the circuit. The succeeding half- 
cycle of current from the oscillator 
flows in the opposite direction, with 
the result that the varistors take on a 
high impedance. This action produces 
in the output, components of the 
speech currents, the first order sum 
and difference products of the speech 
and carrier currents, together with 
higher order products of modulation. 
The band filter passes only the first 
order sum or difference product, as the 
case may be, thus eliminating the 
other components. 

Since the carrier is suppressed, it 
must be resupplied in the demodu- 
lator at the receiving end. For proper 
operation, therefore, the frequency of 
the demodulator must be held close to 
that of the modulator. It is necessary, 
then, that the frequency of the oscil- 
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lators, after adjustment, be little af- 
fected by outside conditions such as 
changes in temperature and battery 
voltage. Changes in frequency caused 
by variations in battery voltage have 
been kept small by the proper selec- 
tion of the circuit constants. The fre- 
quency of the oscillator, however, is 
principally governed by the tuned 
circuit consisting of one secondary of 
the oscillator transformer, and the 
fixed shunt condenser in parallel with 
the shunt adjustable condenser. Taps 
are provided on the secondary wind- 
ing for coarse frequency adjustment, 
and with the adjustable condenser 
provide a continuously adjustable 
frequency over an adequate range. 
Changes in frequency caused by tem- 
perature variations arise chiefly from 
changes in the inductance and the two 
capacitances. By use of a new core 
material, whose temperature-induc- 
tance characteristics can be controlled 
by proper heat treatment, it has been 
possible to secure improved stability. 
The temperature characteristic of the 
transformer is made equal in magni- 
tude and opposite in sense to that of 
the condenser, with the result that a 
change in capacitance due to tem- 
perature is offset by a corresponding 
and opposite change in the induc- 
tance of the transformer. 

The action of the modulator de- 
pends on the direction of current flow 
through it. Since both oscillator and 
voice currents flow through it, how- 
ever, it is the current of largest value 
that will be controlling. This charac- 
teristic permits the modulator to be 
used to prevent overloading of the 
transmitting amplifier by an occa- 
sional speech peak of too high volume. 
The taps on the secondary of the 
oscillator transformer permit the cur- 
rent from the oscillator to be adjusted 
relative to the voice currents, so that 
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when the speech peaks exceed the 
desired maximum, they will assume 
control ‘of the modulator. The mo- 
mentary shunting action of the modu- 
lator under control of these peaks re- 
sults in a loss that tends to maintain 
the output below the desired maxi- 
mum value. 

From the output pad of the modu- 
lator, the speech and 


high-level output of the transmitting 

side of the circuit from overloading 
the receiving amplifier. The line filter 
set is required similarly to separate 
the carrier channels from the voice- 
frequency channel. The composite set 
is required to separate the d-c tele- 
graph from the voice and carrier fre- 
quencies that are used in the system. 


modulation compo- 
nents pass to the mod- 
ulator band filter, 
which passes only one 


side band. This side 


band is combined with 
the single side bands of 
the other two channels, 
and the three are 
passed through the 
common amplifier. 
Bridged across the in- 
put to the amplifier is 
the pilot oscillator, 
which supplies current 
to be used in maintain- 
ing a constant net loss 
over the circuit. The amplified side 
bands and the pilot then pass through 
the transmitting directional filter, the 
carrier-line filter, and the composite set 
to the open-wire line. The transmitting 
directional filter together with the re- 
ceiving directional filter form a high- 
pass and low-pass filter combination 
with a separating point at about 16 
ke. These filters prevent modulation 
products produced in the transmitting 
amplifier between the three side 
bands from producing interference in 
the receiving side of the circuit. If the 
transmitting circuit is operating with 
three side bands in the range from 6 
to 15 kc, for example, modulation 
products of these side bands might 
fall in the receiving range from 17 to 
28 ke. The receiving directional filter 
is also effective in preventing the 
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Fig. 3—Simplified schematic of the modulator circuit 


For transmission in the other direc- 
tion, the received current passes 
through the composite set, the carrier- 
line filter, the receiving-directional 
filter, and through a repeating coil and 
receiving pad into an equalizer. Loss 
over the open-wire line is greater at 
the higher frequencies than at the 
lower, and the equalizer—designed to 
produce a complementary loss—is 
incorporated to bring all frequencies 
to the same level. The equalizer, 
however, is designed to correct for a 
long-line section, so that to avoid 
over-equalization, the line must be 
“built out” to the length for which 
the equalizer is designed. The length 
of a line as measured by its loss, how- 
ever, depends on the weather. In dry 
weather, it will appear to be elec- 
trically shorter than in wet weather. 
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The artificial line used for “building 
out,” therefore, is made adjustable 
and put under control of the regu- 
lator, which adjusts it in accordance 
with the level of the received pilot 
frequency. As the attenuation of the 
line increases, the receiving level of 
the pilot current is reduced, and the 
regulator automatically cuts out at- 
tenuation until the level is restored to 
normal at the output of the amplifier. 

From the regulating amplifier, the 
three channels pass to the receiving 
amplifier where they are further 
amplified. They are then separated by 
the three demodulator band filters, 
and each band is passed to its re- 
spective demodulator. The demodu- 
lator is similar to the modulator in 
circuit and operation, and, with the 
oscillator frequency, produces the 
original speech frequencies. A low- 
pass filter is incorporated in the de- 
modulator to reduce the unwanted 
products of modulation. The speech 
frequencies are then amplified by a 
single-tube amplifier and pass to the 
four-wire terminating set. 

Only two types of tubes are used in 
the C5 terminal—a voltage pentode 
and a power pentode. Each is avail- 
able in two types of filament: a ten- 
volt filament and a 7)4-volt filament. 
Two of the 1o-volt filaments and a 
resistance are used in series when the 
voltage of the filament battery is held 
to close limits, while two of the 714- 
volt filaments and a ballast lamp are 
used when the battery is not so closely 
maintained. The latter arrangement 
is also available for operation with a 
22-volt transformer where power is 


taken from an a-c source. Plate supply 
is furnished by a 130-volt battery. 
The cathode return of the trans- 
mitting and receiving amplifier cir- 
cuits is made to the negative end of 
the filament battery. Dry cells are 
used for grid biasing in these ampli- 
fiers, while the other circuits are self- 
biased. Where power is taken from an 
a-c source, regulated tube rectifiers 
are employed for the plate supply and 
a copper-oxide rectifier for signal 
battery supply. 

The Cs terminal consists of all the 
equipment indicated by solid lines in 
Figure 2, and may as previously 
noted be mounted on a single eight- 
foot eight-inch bay. When the termi- 
nal is mounted on a ten-foot six-inch 
bay, as shown in Figure 1, space is 
available at the top for the four-wire 
terminating sets. The top panel in 
Figure 1 mounts the equalizer and has 
place for dry cells used with the 
amplifier. Below it, in the order 
named, are the transmitting and re- 
ceiving directional filters, the trans- 
mitting amplifier, pilot oscillator, 
regulating amplifier, and a jack field. 
The three bottom panels include the 
six modulator and demodulator band 
filters, and the three panels above 
them carry the modulators and de- 
modulators. Each of these latter 
panels includes the equipment for the 
modulator and demodulator and their 
respective oscillators, together with 
the demodulator amplifier. Between 
these and the jack field is a panel 
carrying the receiving pad and re- 
peating coil and part of the networks 
of the regulating amplifier. 
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Fellow Members 


of Bell Telephone Laboratories — 


opay I relinquish the Presidency of the 

Laboratories which I have held since its 
incorporation, and assume the Chairman- 
ship of its Board of Directors. Dr. Buckley, 
for four years your Executive Vice-Presi- 
dent, now succeeds me as President. This 
change affords me the pleasurable oppor- 
tunity of addressing a few words to each 
member of the staff. 

Since the change, which is designed to 
promote a more effective functioning of the 
Laboratories in the interest of the Bell 
System, does not alter my final responsi- 
bility for the conduct of research and 
development work, these words are not in 
the nature of a farewell to old associates 
and old associations. Unfortunately for me, 
however, the conditions which dictate the 
change seem certain to reduce the intimacy 
of my contact with the details of much 
of the work in which you are engaged. 
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What I have to say, therefore, in the 
limited space at my disposal is really a sort 
of reminiscence compounded in part of 
history and in part of a philosophy which 
has affected both my life and yours. My 
justification for saying it at this time is the 
thought that by throwing light on the past 
it may be helpful to you in the changing 
conditions of the years ahead. 

In the thirty-six years since I entered the 
Bell System, I have seen its research and 
development staff grow from a few men in 
Boston, New York and Chicago to the great 
coordinated agency which is Bell Telephone 
Laboratories. Throughout all these years 
my principal interest and responsibility has 
been in the field of this growth. 

For the past twenty-nine years I have 
been in responsible charge of some and for 
most of that time of all laboratory opera- 
tions in the System. For a large part of the 


time I have been responsible for its research 
and development policy. That is a long time 
to devote to the direction of a single activity. 

Dating from my earliest connection with 
the Bell System was the conviction that it 
was peculiarly fitted to lead constructively 
in the development of an organized scien- 
tific approach to industrial problems. The 
size of the System; its essential freedom 
from those elements of competition which 
so frequently influence a too hasty com- 
mercialization of results; its unique organi- 
zation, and the fact that broadly speaking 
we do not sell to the public the material 
results of research and development but 
merely the services they render; all tend to 
a setting in which a model research organiza- 
tion can be developed and maintained. 

Obviously, my major objectives during 
the last twenty-nine years have been the 
direct problem of organizing a laboratory for 
our specific needs; attack on the problem 
of fitting it into the pattern of an existing 
but rapidly growing industry; experimental 
development of the best type of organiza- 
tion; and, above all, search for the most 
promising men and women to staff it. 

In addition, throughout the years stimu- 
lation of organized research in industry 
generally has been a sort of hobby with 
me. It has been a hobby not simply for the 
inherent fun of the thing but because our 
own future was limited by what others did. 
To a large extent much that we are able to 
do today is possible because other industries 
have cultivated fields in which we pioneered. 

While activity in none of these fields is 
now a pioneering venture, there continues 
to be need of the highest leadership and the 
highest types of man power. The problems 
are just as significant as they ever were and 
Iam convinced that the rewards, industrially 
and socially, of rightly conceived and 
wisely directed research will continue to 
rank among man’s highest achievements. 

Over the years, as most of you know, I 
have been whenever possible a participant 
in your discussions. I want to say that these 
have been an unfailing source of satisfaction 
and inspiration to me and have been all too 
few in recent years. 


I have never ceased to regret that as the 
years have passed and new duties have 
come to me I have had less and less part in 
the actual work of creating new things. It 
is there that the real interest and power lie. 
Such satisfaction as I have gained from 
knowing that guidance derived from ex- 
perience was a necessary part of it all has 
been greatly strengthened by pride in your 
achievements. 

For the time being, at least, these mutual 
discussions will necessarily be less frequent. 
As you know, I have two official assignments 
which are making increasing demands on 
my time and energy. My Presidency of the 
National Academy of Sciences—the official 
scientific advisory body to the Government 
—and my appointment by President Roose- 
velt as a member of the National Defense 
Research Committee both require a large 
amount of time—much of it in Washington. 
This necessitates a lightening of the burden 
of supervision. As Vice-President of the 
American Telephone and Telegraph Com- 
pany responsible for research and develop- 
ment and as Chairman of your Board, I 
shall continue the broad control of research 
and development which the structure of the 
Laboratories was designed to provide when 
they were incorporated. 

In many respects there will be little 
change in existing routines except as Dr. 
Buckley relieves me of administrative 
duties. Dr. Buckley’s position as President 
will, however, make for increased expedition 
and efficiency in the daily conduct of the 
work. In addition, it will enable him to 
participate more fully and completely in 
general staff considerations than has been 
feasible heretofore. This is doubly advan- 
tageous both to the general staff and to the 
Laboratories. 

From three decades of intimate associa- 
tion with you, I know that Dr. Buckley 
will have the same wholehearted support 
you have always so generously accorded me. 
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News of the Month 


New OFFricers 

OFFICERS OF THE COLLoguium for the coming 
season are: C. N. Hickman, president; L. H. 
Germer, vice-president; and W. Shockley, secre- 
tary. The first meeting will be held on October 7 
at which time R. R. Williams will give his 
retiring presidential address. 

The Radio Colloquium has for its new officers: 
J. P. Schafer, president; C. F. Edwards, secre- 
tary; and K. G. Jansky, chairman of the program 
committee. Its first meeting will be held at the 
Holmdel laboratories on October 4 when J. A. 
Becker will speak on Varistors and Some of 
Their Uses. 


NATIONAL TELEVISION SysTEMS 
CoMMITTEE 
To DEVELOP SUCH ENGINEERING STANDARDS 
as are essential to the organization, development 
and operation of a sound national system of tele- 
vision broadcasting, the National Television 
Systems Committee has been organized under 


the codperating sponsorship of the Federal 
Communications Commission and the Radio 
Manufacturers Association. The personnel of the 
National Committee is made up of representa- 
tives from research organizations, manufacturers 
and broadcasting companies, the Laboratories 
representative being Ralph Bown, Director of 
Television Research. 

Several subcommittees, or “panels,” have been 
appointed. The field has been broken down 
initially into nine divisions, each of which is 
being examined by a separate panel. These 
panels, together with the Laboratories repre- 
sentative on each, are as follows: Systems 
Analysis, the study of foreign and proposed 
American television systems, Pierre Mertz; 
Subjective Aspects, the influence of physiological 
and psychological factors in the determination of 
television system characteristics, Pierre Mertz; 
Television Spectra, sound and picture channel 
widths and locations, R. K. Potter; Transmitter 
Power, output ratings, modulation capabilities 


Murray Hill Laboratory as it appeared on the first of September when about one-third of the 
steel framework had been erected 
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and the relation between 
power requirements of 
picture and sound chan- 
nels, N. F. Schlaack; 
Transmitter Characteris- 
tics, characteristics of 
essential systems, N. F. 
Schlaack; Transmitter- 
Receiver Coérdination, 
sideband distribution, 
audio preémphasis, etc., 
A. G. Jensen; Picture 
Resolution, aspect ratio, 
frame frequency, inter- 
lace, line density, etc., 
M. W. Baldwin; Syn- 
chronization, methods 
and means of accom- 
plishing synchronization, 
A. G. Jensen; and Radi- 
ation Polarization, fac- 
tors influencing a choice 
of polarization of the 
radiated wave, C. R. 
Burrows. All of these nine panels have had their 
organization meetings at which time their re- 
spective problems were discussed and programs 
for future activity formulated. It is expected 
that as the work proceeds it will be necessary 
to appoint additional panels. 


200-MILE CARRIER SYSTEM ON A Roor 


QUESTIONS HAVE BEEN COMING from. all 
quarters as to what is happening on the roof of 
Section R at 70 Bethune Street. The answer is 
that a one-way cable-carrier system 200 miles 
long is being installed there. The 200-mile 


Splicing the cable on the roof of Section R at Bethune Street to give a 
one-way cable-carrier system two hundred miles long with a total of 
three and a third miles of lead-covered cable 
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Laying cable on 2-by-4 supports on the roof of Section R 


circuit is obtained from thirty-two reels of 61-pair 
19-gauge cable, each about 550 feet long, giving 
a total of 3.3 miles of lead-covered cable. The 
reels are not spliced together in the usual way, 
however. Instead, the pairs in each reel are 
divided into twelve groups of five, the pairs of 
each group being joined end-to-end to give a 
0.52-mile circuit. The circuits in the thirty-two 
reels are then connected together so as to make a 
total of twelve repeater sections, each about 
16% miles long. The cable, which in all weighs 
over twenty tons, has been run back and forth 
on the roof on 2-by-4 wooden-frame supports 
to allow circulation of 
air and exposure to the 
sun, so that the cable 
temperature variations 
approach those of ordi- 
nary aerial cable. The 
cable will be maintained 
under gas pressure. The 
illustrations show the 
manner in which the 
cable was laid on the 
frames and the arrange- 
ments for splicing. 

The ends of each cable 
circuit corresponding to 
a repeater section are 
brought to a small steel 
house on the roof in 
which amplifiers are in- 
stalled. The input and 
output of the circuit are | 
brought over under- 
ground cable pairs to the 
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gw? carrier-telephone laboratory on the tenth floor of 


the Graybar-Varick building, where transmission 
tests will be made. Thus instead of the more usual 
practice of taking laboratory facilities to the 
field, in this instance a field installation is 
brought to the laboratory. 

This cable installation will furnish a valuable 
tool in the development of toll-transmission 
systems, signalling systems, etc. Immediately it 
is to be used for tests of improvements now 
being developed for cable-carrier systems. 
Studies will be made of the behavior of a new 
type of regulating system with a number of 
amplifiers in tandem. Arrangements for trans- 
mitting power to auxiliary amplifiers over the 
cable pairs used for carrier transmission will 
also be tested. For this purpose, ten of the 
amplifiers in the steel hut will receive their power 
over the cable pairs, the a-c power for the fila- 
ments being transmitted at 275 volts and the 
d-c power for the plates at 260 volts. 

The placing of the installation has required 
the codperation of the Transmission Systems, 
Outside Plant and Equipment Development 
Departments, the Plant Depart- 
ment of the Laboratories, and the 
New York Telephone Company. 


ComMPpLEX COMPUTER 
DEMONSTRATED 


AN ELECTRICAL CALCULATING 
MACHINE which will carry out 
computations with complex num- 
bers and which can be operated 
from a distance over a telegraph 
circuit was described and demon- 
strated to the Mathematical Asso- 
ciation of America on September 9 
at Dartmouth College by G. R. 
Stibitz. Calculating machines of 
various kinds are familiar equip- 
ment in banks and offices, but the 
new machine differs radically 
from them in both appearance 
and principles of operation, and 
also in the fact that it performs 
complicated calculations and re- 
turns the answer in written form 
without any attention on the 
part of the operator. except writ- 
ing out the problem on a set of 
typewriter keys. It is constructed 
entirely of standard telephone 
apparatus, using for its comput- 
ing elements relays and crossbar 
switches such as are used to con- 
nect subscribers in the most 
modern type of dial exchange. 

There is only one of these cal- 
culating machines in existence 
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and this is installed in a small room at 463 
West Street. It is not necessary to go to this 
room to use the machine, however. Instead, the 
operator sits at a teletypewriter, which may 
be located at any convenient place, and presses 
keys to record the numbers, and other keys to 
indicate what is to be done with them; for ex- 
ample, whether they are to be multiplied or 
divided. In the recent demonstration one tele- 
typewriter was installed in Hanover and con- 
nected to the calculating machine in New York 
by a two-way telegraph circuit. Thus throughout 
the week of the meeting any mathematician who 
was in attendance could set up problems and 
immediately receive the typewritten answers, 
although the mechanism which carried out the 
calculations was more than 200 miles away. 

As each digit of the number is written on the 
keys it is transmitted over the circuit in the 
form of telegraph signals to the calculating 
machine and there recorded. As fast as these 
digits are recorded, signals are sent back to 
operate the teletypewriter. The operator is thus 
assured that the correct problem has been 


The complex computer being operated by Miss Helen Marvin 
of the Transmission Apparatus Development Department 
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recorded. As soon as enough digits have been 
received to permit the calculation to be started, 
the machine sets to work to obtain the answer. 
As the answer is obtained, it also is sent out 
in the form of telegraph signals and printed 
on the teletypewriter. 

The calculator is designed to handle eight- 
digit numbers and to perform all the basic 
arithmetical operations such as addition, sub- 
traction, multiplication, and division. Its opera- 
tion, however, is more complicated than this 
statement might indicate because it deals with 
what mathematicians call “complex” numbers. 
Such numbers are composed of two parts, and in 
multiplying and dividing them, the distinction 
between the two components must be main- 
tained. As a result of this situation, the multipli- 
cation of two complex numbers requires four 
separate multiplications, an addition, and a 
subtraction. The division of one complex 
number by another is even more complicated, 
requiring six multiplications, two divisions, two 
additions and a subtraction. 


Out-or-Hour Courses 


THE FALL TERM of Out-of-Hour courses is 
scheduled to begin during the week of October 14. 
The following courses have been arranged by the 
Personnel Department under the supervision of 
E. W. Waters: 

Review of Engineering Mathematics by W. D. 
Goodale, Jr. A review of mathematics taught in 
undergraduate college courses. The first term 
will cover elementary algebra and calculus and 
the second term, after completing the work on 
calculus, differential equations and their appli- 
cation to engineering problems. 

Mechanical Vibrations by W. S. Gorton. An 
account of the laws governing the origin and 
propagation of mechanical vibrations, with a dis- 
cussion of means for measuring vibration and of 
methods for minimizing unwanted vibration. 

Application of Vacuum Tubes by M. A. Logan, 
E. K. Van Tassel, L. A. Meacham, J. M. West, 
C. R. Burrows, W. T. Wintringham and D. E. 
Trucksess. After a brief elementary review of a-c 
circuit theory and the fundamental properties 
of vacuum tubes, various types of circuits in 
which vacuum tubes are essential will be studied, 
including circuits for filament and power supply, 
voice-frequency amplifiers, carrier equipment, 
oscillators, broad-band systems, and radio trans- 
mitting and receiving apparatus. 

Manufacturing Methods by C. C. Barber and 
J. D. Tebo. To cover basic manufacturing opera- 
tions such as sand-casting, die-casting, molding 
of plastics, punching, turning, milling, and 
drilling, together with motion studies; estimating 
costs, scheduling of work, design and preparation 
of tools, fabrication of coils, modern methods of 
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assembly, and inspection procedure; and engi- 
neering and manufacturing requirements, com- 
mercial variations, and standards. 

Design of Electromagnets and Telephone Relays 
by H. N. Wagar. Résumé of electromagnetic 
theory, magnetic circuits and electromagnetic 
design, magnet windings, temperature charac- 
teristics, design and engineering of contacts, 
design of relay springs, timing characteristics, 
operating capabilities, and polarized, alternating 
current and special relays. 

Step-by-Step Dial System by R. O. Rippere. 
Describes and discusses circuits and apparatus 
standardized for step-by-step and multi-office 
areas, the arrangement of equipment, and the 
amount of apparatus required to handle given 
traffic conditions. 

Crossbar Dial System by L. T. Anderson and 
E. J. Donohue. A comprehensive picture of cross- 
bar apparatus and equipment together with 
circuit and traffic features. 

Telephone Switching Systems by J. W. Dehn. 
This course discusses the method of operation of 
the various telephone switching systems, with 
their possibilities and limitations, now in use 
in the Bell System. 

Practice in Shorthand Dictation by Miss M. C. 
Brainard. Designed for those who have a knowl- 
edge of shorthand and are interested in increasing 
their speed, with subject matter selected largely 
from technical literature. 

First Aid. Standard course of the American 
National Red Cross. There will be three classes 
in this course—two for men and one for women. 
The men’s classes will be taught by C. N. Ander- 
son, C. Erwin Nelson and R. Pope; and the wom- 
en’s class, by Miss K. M. Doring and L. E. Coon. 


New Cas_e To BE INSTALLED BETWEEN 
BALTIMORE AND WASHINGTON 


A MILLION-DOLLAR TELEPHONE CABLE be- 
tween Washington and Baltimore is an outstand- 
ing item in the Long Lines Department’s 
construction program for 1940. This cable will con- 
sist of many pairs and quads of paper-insulated 
wires, which will afford facilities for additional 
telephone and telegraph circuits, telephoto wires 
and channels for programs. It will also contain 
four coaxial ‘‘pipes” similar to those laid between 
Stevens Point and Minneapolis. These will be 
used at first by the Laboratories experimentally; 
when the need develops, they will be equipped 
for commercial use. Since the wire circuits will 
be used for carrier operation, they will be sepa- 
rated into two concentric groups by a metallic 
shield and transmission over all the circuits of a 
group will be in the same direction. The four 
coaxials will be inside the shield. Over a portion 
of the route, the cable will be buried; in that 
portion the two groups will be in separate sheaths. 
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CARRIER IN THE FIELD 


open-wire crosstalk at the Daytona Beach terminal pole, on the Charlotte- 
West Palm Beach system. Photo by L. L. Lockrow. 
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Auxiliary repeater station at 
Adrian, Texas, on the Fourth 
Transcontinental Line. This 
station is part of the type-J 
carrier system between Ok- 
lahoma City and Whitewater, 
California. Photo by T. J. 
Maitland, A. T. & T. 


North and south terminal 
poles at Austin, Texas; the 
type-J circuits are carried by 
cables to a filter hut on the 
other side of the railroad 
tracks. Photo taken by W. C. 

Babcock. 
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A 1500-foot cable crossing 
of the Loxahatchee River, on 
the Charlotte-West Palm 
Beach system, presented un- 
usual loading problems. The 
cable is the four-wire disc- 
insulated type. Loading is 
being adjusted and the cable 


is being balanced, in this 
photograph by W. H. Tidd. 


Measuring impedance at a 
point where transmission ir- 
regularities were caused by 
insulation required to pro- 
tect the wire from lines cast 
by wayside fishermen. Photo 
by W. H. Tidd. 
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Filter hut in the desert near Kingman in western Arizona, on the Fourth Transcontinental Line 


(Oklahoma City-Whitewater system). Photo by M. Kirkwood, A. T. & T. 


SuMMER COLLEGE Group 


Durinc the past several years it has been the 
custom of the Laboratories to offer summer 
employment to a group of college students and 
faculty members. This year the group was com- 
posed of the following men, the departments in 
which they worked being given in parentheses: 
W. M. Breazeale, Assistant Professor, Vander- 
bilt (3510); P. G. Jones, instructor, University of 
Illinois (2210); R. L. Schmoyer, instructor, Pur- 
due (2210); R. P. Siskind, Associate Professor, 
Purdue (2120); E. A. Gaugler, University of 
Michigan (1313); L. J. Giacoletto, University of 
Michigan (3430); J. Lander, Cornell (1260); 
E. F. O’Neill, Columbia (3230); C. E. Shannon, 
M.I.T. (1340); H. M. Straube, Northwestern 
(2420); W. C. Hollis, Purdue (2120); G. O. 
Keutgen, Jr., Yale (3230); J. W. Schaefer, Ohio 
State (2220); D. R. Schoen, Lehigh (3230); and 
G. B. Troussoff, Stevens (2250). 

On August 15, these men were brought to- 
gether for a short program of information. 
R. A. Deller described to the group the purpose 
of the summer employment program, the 
organization of the Laboratories, the functions 
of its various departments, and the place of the 
Laboratories in the Bell System. He also dis- 
cussed briefly the qualifications sought when new 
college men are considered for employment with 
the Laboratories. Following this the men were 


taken for an inspection trip through the build- 
ing by G. F. Fowler. This trip included the 
microchemical laboratory where the work was 
described by H. V. Wadlow; the historical 
museum, W. C. F. Farnell; dial apparatus 
laboratory, W. W. Seibert; microphonic action 
studies, J. R. Haynes; magnetic materials, 
D. M. Chapin; microscopic laboratory, Miss 
A. K. Marshall; timber products, A. H. Hearn; 
mechanical wear testing, W. A. Krueger; ma- 
terials testing, I. V. Williams; step-by-step 
switching, W. H. Scheer; toll switching, E. L. 
Baulch; crossbar and panel, A. S. Page; and 
vacuum tube development, S. O. Ekstrand. 


STEVENS Point CoAxIAL INSTALLATION 
NEARING COMPLETION 


ConsTRuCTION worK has been completed on 
the coaxial cable over the 195-mile route between 
Stevens Point and Minneapolis. About 50 miles 
of cable is suspended aerially. The remainder is 
underground, most of it having been plowed in, 
with some duct construction and some submarine 
cable. In addition to four coaxials, the cable con- 
tains eighteen paper quads which are being placed 
in service this fall for voice-frequency circuits. 

Main repeater stations are located at Eau 
Claire, Neillsville and Baldwin, about 50 miles 
apart. New buildings were erected at the last 
two points. Auxiliary repeaters are placed at 


CoLLeEGE Men Wuo SPENT THE SUMMER AT THE LABORATORIES 
Top row: E. A. Gaugler, L. J. Giacoletto, G. B. Troussoff, G. O. Keutgen, Jr., D. R. Schoen, 
J.W. Schaefer, P. G. Jones and J. Lander. Bottom row: W. M. Breazeale, H. M. Straube, 
R. P. Siskind, C. E. Shannon, E. F. O'Neill, R. L. Schmoyer and W. C. Hollis 
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Several different types of housings have been 

provided for the auxiliary repeaters on the 

Stevens Point-Minneapolis coaxial cable. 

The majority of them are round steel huts of 
the type that is shown above 


approximately five-mile intervals. For these, 
several different types of housings have been 
provided. The majority are round steel huts, 
but other types of housings, above ground, 
partially underground, and wholly underground, 
are being tested with a view to possible future use. 

Substantially, all of the equipment for the 
main repeater stations is in place, and a large 
part of that for the auxiliary stations. The termi- 
nal equipment for Minneapolis and Stevens Point 
is to be delivered soon. Laboratories engineers 
have been engaged in testing different parts of 
the installation since the first of the year. Tests 
of telephone and television transmission will 
continue until about the middle of next year, 
when the coaxial system (now officially desig- 
nated type L) is to be placed in regular com- 
mercial service. While the total capacity of the 
type-L system is 480 channels, only a fraction of 
that number will be equipped for service. 

This extension of the cable network toward 
the Northwest, with a new type of transmission 
system, has required the codperative effort of 
A.T.&T., the Northwestern Bell Telephone Com- 
pany, Western Electric, and the Laboratories. 
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Part-Time PostGcrapuaTE Stupy Pian 

TWENTY APPLICATIONS for participation under 
the Part-Time Postgraduate Study Plan have 
been approved for the fall term. This plan, 
which was announced by the Personnel Depart- 
ment last August, provides an opportunity for 
advanced study of a type not available in evening 
colleges or in the Out-of-Hour courses. Members 
of the Laboratories who have been regularly 
employed for at least one year and who hold a 
bachelor degree in arts, science, or engineering 
are eligible. The plan has been in operation 
for the past twenty years during which time 
84 M.A. or M.S., 14 Ph.D., and 8 LL.B. degrees 
have been conferred on participants. 

Five of the men were granted degrees during 
the year 1939-1940. From Columbia, H. A. Bird- 
sall received the degree of Master of Science in 
Chemistry; S. Darlington, Doctor of Philosophy 
in Physics; L. H. Hofmann, Master of Science in 
Electrical Engineering; and H. G. Romig, Doctor 
of Philosophy in Industrial Engineering. H. J. 
McSkimin received the degree of Master of 
Science in Physics from New York University. 


News Notes 

F. B. JEwetr was one of the twenty-one per- 
sons honored during the University of Pennsy]- 
vania’s Bicentennial Celebration held during the 
week of September 16. At a special convocation 
concluding the celebration, the honorary degree 
of Doctor of Science was conferred on him. At a 
symposium devoted to a discussion of social 
sciences, he spoke on Engineering Progress and 
the Social Order. 

DuRING THE SUMMER a series of conferences, 
arranged under the auspices of Section C of the 
American Association for the Advancement of 
Science, was held at Gibson Island, Maryland. 
One conference devoted to the application of 
X-ray and electron diffraction was attended by 
L. H. Germer, F. E. Haworth, A. H. White and 
F. C. Nix, and another, on plastics, was attended 
by W. O. Baker and C. S. Fuller. 

H. W. Hermance and R. L. Stosop visited 
central offices of the New York Telephone Com- 
pany in Buffalo to make analytical studies of 
performance of panel bank contacts. Mr. Her- 
mance also visited offices of The Ohio Bell Tele- 
phone Company in Cleveland. 

A. R. Kemp and F. S. Mat visited the Point 
Breeze plant of the Western Electric Company in 
connection with cable development problems. 

THERE WAS A GAIN of about 65,400 telephones 
in service in the principal telephone subsidiaries 
of the American Telephone and Telegraph Com- 
Company included in the Bell System during the 
month of August, 1940. The gain for the previous 
month was 22,400 and for August, 1939, 52,300. 
The net gain for eight months this year totals 
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536,700 as against 433,400 for 
the same period in 1939. At 
the end of August this year 
there were about 17,071,600 
telephones in the Bell System. 

J. R. Prerce was the author 
of an article entitled Rectilinear 
Electron Flow in Beams, pub- 
lished in the August issue of 
the Journal of Applied Physics. 

R. A. Miter, with C. W. 
Reynolds of the Western Elec- 
tric Company, J. W. LaMarque 
of the Graybar Electric Com- 
pany and C. C. Langevin of 
the Langevin Company, in- 
spected the extensive outdoor 
public address system recently 
placed in operation at Ocean 
Beach, New London. This sys- CD. 
tem, manufactured by the 
Western Electric Company and installed by the 
Langevin Company of New York, serves a full 
half-mile of crescent-shaped beach with its 
thirty-foot boardwalk, adjoining recreational 
pavilions and swimming pool. 

H. H. Gienn and R. T. Stapes were at Point 
Breeze on August 21 where they discussed cord 
development problems. 

MAINTENANCE PRACTICES affecting station 
cords were investigated by H. H. Staebner, 
H. F. Smith and R. E. Drake at the Western 
Electric Repair Shops in Philadelphia, Boston, 
Brooklyn and Newark. 

C. D. Hocker, Plant Products Engineer of 
the Outside Plant Development Department, 
completed twenty-five years of service in the 
Western Electric Company and the Labora- 
tories on the seventh of September. Dr. Hocker 
received the A.B. degree from Wabash College 
in 1912 and three years later the Ph.D. degree 
from the University of Michigan. Entering the 
Chemical Research Department of the Engi- 
neering Department of the Western Electric 
Company, he participated in investigations of 
vacuum-tube filaments, enameled wire, metal 
finishes, and corrosion and its testing; and super- 
vised at various times groups engaged in metal- 
lurgy, chemical analysis, research on transmitter 
carbon, and current engineering activities. 

When the Outside Plant Development Depart- 
ment was formed in 1927, Dr. Hocker joined the 
Department as Ceramics Apparatus Engineer, in 
charge of groups investigating conduits and their 
construction, cable joining and maintenance, 
insulators, and miscellaneous products. Five 
years later line systems were added to his duties. 
From 1934 to 1939, as Plant Materials Engineer, 
he was responsible for special studies of outside 
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G. H. Heydt 


plant problems, timber products, and miscel- 
laneous products. Early this year be became 
Plant Products Engineer in charge of five groups 
covering wire development, outside plant tools, 
and hardware, cable apparatus including termi- 
nals, cable joining and maintenance, timber 
products and miscellaneous products. Dr. Hocker 
has been the author of numerous articles in 
various scientific and technical journals and has 
been active in committee work in the American 
Society for Testing Materials and the American 
Standards Association. 

ON THE SEVENTEENTH of August G. H. 
Heydt completed twenty-five years of service in 
the Western Electric Company and the Lab- 
oratories. Mr. Heydt graduated from Lafayette 
in 1913 with the E.E. degree. Two years later he 
came to the Patent Department of the Western 
Electric Company where he was concerned with 
general patent work on machine-switching equip- 
ment and systems. He was admitted to the Bar 
of the State of New York in 1925. In 1927 he was 
placed in charge of patent work connected with 
sound pictures. This spring, acoustics, electrical 
recording, public address systems and measuring 
and testing systems of all types were added to 
his responsibilities. 

At Hawrtuorne, B. L. Clarke discussed 

finishes and chemical analysis methods; C. A. 


. Webber, wire development; J. J. Kuhn, flexible 


multiple brushes and crossbar terminal blocks; 
C. C. Barber, tooling aspects of the introduction 
of flexible multiple brushes; H. B. Brown, a 
quality survey conference on 206- and 209-type 
selectors; L. N. Hampton and G. G. Smith 
new rotor-type generators; I. L. Hopkins, ma- 
terials used in the manufacture of terminal 
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strips; I. V. Williams, heat treatment of steels; 
T. C. Campbell, rolling ladders; and R. L. 
Lunsford and H. A. Lewis, together with engi- 
neers from several Associated Companies, general 
PBX problems. 

W. A. Biscuorr attended a meeting of the 
Welding Committee of the American Standards 
Association at Washington on August 30. This 
meeting was devoted to a discussion of the 
standardization of welding symbols. 

S. J. Harazim visited the Specialty Product 
Shop at Kearny to discuss the manufacture of 
apparatus for identifying wires during cable- 
transfer operations. 

G. C. DeECourouLy was at Morristown and 
Mendham to test new crosstalk measuring 
apparatus for layer-shielded cables. 

V. E. Lecce visited Fort Monmouth, New 
Jersey, to discuss with engineers of the U. S. 
Signal Corps certain apparatus problems. 

J. E. Nuietsen attended a conference at 
Kearny devoted to the testings of varistors. 

THERE WERE 4,666 employees in the Labora- 
tories, 34,707 in the Western Electric Company, 
268,600 in the American Telephone and Tele- 
graph Company and Associated Companies, 
and 56,900 in connecting and non-connecting 
companies as of June 30, 1940, according to 
statistics issued recently by the A. T. & T. Of the 
total—364,863—there were 159,048 men and 
205,805 women employees. 


DuRING THE MONTH of August patents were 
issued to the following members of the Lab- 
oratories: 


F. B. Anderson G. T. Kohman 
H. L. Barney E. Lakatos 

J. F. Barry W. A. Marrison 
B. G. Bjornson W. P. Mason 
H. S. Black E. H. Perkins 
J. H. Bollman V. L. Ronci 

R. Bown C. H. Rumpel 
S. T. Brewer S. A. Schelkunoff 
J. E. Clark L. Schott 

A. M. Curtis R. C. Shaw 

T. L. Dimond F, J. Singer 

W. H. Doherty P. H. Smith 

S. O. Ekstrand A. Tradup 

C. N. Hickman H. W. Ulrich 


F. J. Repmonp, at Washington, inspected 
several crossbar installations of The Chesapeake 
and Potomac Telephone Company. 

R. V. Terry visited the Haydon Manufactur- 
ing Company at Forestville, Connecticut, to 
discuss the design and manufacture of a mercury- 
tube contactor. 

C. H. WHEELER investigated line relays in 
Lafayette and Oakland offices of the Illinois Bell 
Telephone Company in Chicago. Mr. Wheeler, 
with R. B. Bauer, also investigated line relays in 
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step-by-step offices at Old Greenwich, Darien, 
Fairfield, Stratford, East Haven, and Weathers- 
field, Connecticut; Newport, Rhode Island; and 
New Bedford, Massachusetts. 

DuRING THE MONTH of September the following 
members of the Laboratories completed twenty 
years of service in the Bell System: 


Research Department 
R. P. Martin, Jr. A. L. Thuras 
Apparatus Development Department 


Miss Grace A. Hansen G. F. Schmidt 

W. A. Krueger W. J. Thayer 
Systems Development Department 

A. A. Hansen D. M. Terry 

F. R. Lamberty A. E. K. Theuner 


G. P. Wennemer 
General Accounting Department 
H. K. Leicht W. G. Sawyer 


General Service Department 


Miss Mary V. Dolan H. W. Schaefer 
F. L. Hollingworth G. T. Scheeler 
T. N. Pope C. F. Young 


R. F. Mauuina, at the Dayton Rogers Manu- 
facturing Company in Minneapolis, inspected a 
method of making tools for stamping inexpensive 
metal parts in small lots. He also visited the 
Western Electric Company at Hawthorne to 
discuss wiring problems of step-by-step switches. 

R. W. Bocum1., at central offices in Columbus, 
Dayton, and Springfield, Ohio, studied silver 
inlay banks in inter-toll dialing circuits. 

G. R. Goun went to the American Brass Com- 
pany, Waterbury, to discuss problems pertaining 
to the manufacture of non-ferrous metals. 

W. J. Farmer attended a demonstration of 
materials-testing equipment at the Baldwin 
Southwark Company, Chester, Pennsylvania. 

J. R. Townsenp attended a meeting of the 
Standards Committee of the American Society 
for Testing Materials at Philadelphia. 

F. W. Craypen and H. J. Smitx made photo- 
graphic measurements of step-by-step bank 
terminals in central offices of The Southern New 
England Telephone Company at Bridgeport, 
Fairfield, Westport, Stamford and Old Green- 
wich, Connecticut. 

A. H. Hearn continued his observations on the 
commercial treatment of red-pine poles with 
creosote at Nashua, New Hampshire. 

R. J. Kent and J. A. Carr were at The Chesa- 
peake and Potomac Telephone Company in 
Baltimore in connection with the lashing of 
aerial cable to the suspension strand. 

C. SHarer, Jr., and R. J. Nossaman, with 
G. H. Zieschang of the New Jersey Bell Tele- 
phone Company, were recently in Asbury Park 
to survey locations for a proposed trial of 
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Neoprene-jacketed multiple drop wire. Mr. 
Shafer was also in the Southern New England 
and New Jersey territories inspecting trial instal- 
lations of wire guards. 

M. R. Purvis has been in Dayton, with a 
short intervening trip to Columbus, to obtain 
field comments relating to operating practices 
for the new 101A line concentrating unit. 

On Aucust 8 anv g, R. D. Parker, F. J. 
Singer and R. J. Miller were in Dayton and 
Columbus to observe the operation of the 101A 
line concentrating unit and the No. 1 telegraph 
service board following their respective cutovers. 

At OxLAHoMa City, Kingman, Arizona, and 
Danby and Whitewater, California, L. C. 
Roberts, J. T. O’Leary, H. G. Jordan and H. A. 
Wenk tested the effect of switching type-J 
carrier circuits, repeaters and associated equip- 
ment voice-frequency telegraph circuits 
working over the J system. 

J. G. Fercuson discussed step-by-step instal- 
lation problems with engineers of The Southern 
New England Telephone Company in New 
Haven. 

J. H. SoLe was in Fort Wayne, Indiana, on 
machine design, in Chicago to observe the opera- 
tion of a newly designed generator and in Cleve- 
land on diverter pole machines. 

C. H. AcHENBACH met representatives of the 
Installation Department and of the Hawthorne 
Equipment and Manufacturing Departments at 
Pittsburgh to observe the condition of the first 
shop-wired and assembled battery-control board. 

STORAGE BATTERY PROBLEMS were discussed 
by A. E. Petrie, H. L. Mueller and F. T. Forster 
on a recent trip to Philadelphia. 

A. S. Martins visited the Pearl River, New 
York, No. 350 step-by-step dial office to observe 
the performance of incoming pulse repeating 
trunks working into the New York City tandem 
office. 

AT 2:00 A.M. ON AUGUST 25, 1940, 43,000 lines 
serving 80,000 stations were transferred from 
manual to crossbar dial operation in Chicago. 
This cutover was attended by C. G. Miller, E. L. 
Getz, D. H. Wetherell, W. E. Viol, R. C. Davis, 
C. F. Seibel and L. M. Allen. E. W. Hancock, 
W. Rupp and T. A. McDermott, who had been 
previously assigned as field representatives, also 
attended the cutover. 

After attending the Chicago cutover, E. L. 
Getz and L. M. Allen stopped off at Cleveland 
to review the early call-through test results of the 
Shadyside and Florida crossbar offices. 

NOISE AND CROSSTALK tests on the new aerial 
cable between Amarillo and Tricumcari are being 
made at Adrian, Texas, by J. Mallett, Miss FE. 
Rentrop, H. B. Noyes, E. S. Wilcox and R. R. 
Hough. L. Hochgraf also spent some time at 
Adrian on this test. 
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LIGHTNING STUDIES on toll cables were made by 
W. W. Sturdy, E. D. Sunde, R. W. Gutshall and 
Miss E. M. Baldwin in Hazleton, Pennsylvania. 
R. G. McCurdy, H. M. Trueblood and A. H. 
Schirmer, accompanied by G. C. Barney of the 
A. T. & T., spent a day at Hazleton observing 
these tests. 

R. D. Fracassi1 and H. W. Ny.unp were in 
Princeton where they made line-balancing ad- 
justments on two-wire cable circuits. Mr. Fracassi 
also visited Chester in connection with tests of 
thermistors in aerial loading coil cases. 

L. S. Inskip, with members of the Long Lines 
Department in the Chicago area, inspected 
the Stevens Point-Minneapolis coaxial cable in 
connection with lightning protection problems. 


Miss Avis L. Rice, 1922-1940 


Miss Avis Lenore Rice, a messenger in the 
General Service Department, died suddenly on 
August 25. Miss Rice had been a member of the 
Laboratories since June 3 of this year. 

* * * * * 

At Curnton, Maine, K. L. Maurer, W. C. 
Ball, V. A. Douglas and J. H. Harding in codpera- 
tion with engineers of the New England Tele- 
phone and Telegraph Company and the Long 
Lines conducted low-frequency coupling and 
shielding tests on the Boston-Bangor cable. 

G. WascHeck and J. H. Harpinc made earth 
resistivity measurements along the Kansas City- 


Joplin cable in connection with an investigation 


of lightning troubles. 

W. C. Batt and J. B. Hays, JRr., conducted 
dielectric strength tests on the Stevens Point- 
Minneapolis coaxial cable. 

H. N. CuristopHer has been in Massena, 
N. Y., in connection with an inductive codrdina- 
tion problem involving telephone circuits of the 
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Bell Telephone Company of Canada. He was 
accompanied by T. A. Taylor of A. T. & T. 

E. D. Guernsey, accompanied by T. A. 
Taylor of A. T. & T., has been in Indiana on an 
inductive codrdination investigation involving 
telephone circuits of the Indiana Bell Company 
and power lines of one of the Rural Electrification 
Administration’s codperatives. 

ArticLes By D. F. Seacord, Room Noise at 
Subscriber's Telephone Locations, and by J. M. 
Barstow, Sound Measurement Objectives and 
Sound Level Meter Performance, were published in 
the July issue of The Journal of the Acoustical 
Society of America. 

M. L. Atmguist presented a paper entitled 
Description of the Cs Carrier-Telephone System 
before the twenty-first annual convention of the 
Telegraph and Telephone Section of the Associ- 
ation of American Railroads held in Ottawa 
from September Io to 12. 

B. A. FAIRWEATHER spent some time at 
Stevens Point and Eau Claire, Wisconsin, in- 
stalling and checking pilot channels for the 
coaxial system. 

V. M. MEseRVE spent one day in Chicago 
discussing with the Installation Department of 


the Western Electric Company plans for in- 
stalling the coaxial terminals at Minneapolis and 
Stevens Point. 

G. B. ENGELHARDT, at Eau Claire, made at- 
tenuation and delay measurements on recently 
installed sections of coaxial line. 

VARIOUS TESTS ON THE Coaxial circuits in the 
Eau Claire district were made by K. C. Black, 
F. A. Janiszewski and B. H. Nordstrom. 

S. Rosen and W. H. Tipp have been making 
tests on the switching circuits installed at 
attended stations on the Minneapolis-Stevens 
Point coaxial cable. 

IN PREPARATION FOR further tests of television 
transmission over a loop from New York to 
Philadelphia and return, a number of tests were 
made on the coaxial cable system by A. J. 
Aikens, C. F. Boeck, S. T. Brewer, M. E. 
Campbell, M. M. Jones, L. Y. Lacy, W. H. Tidd 
and N. C. Youngstrom. The Long Lines Plant 
people are now maintaining the coaxial system 
while Laboratories tests are in progress. 

THE LABORATORIES were represented in inter- 
ference proceedings at the Patent Office in 
Washington by A. J. Zerbarini and G. F. Heuer- 
man before the Examiner of Interferences. 


During the past few months pitching horseshoes has been a popular Bell Laboratories Club 

activity in the open lot in back of Section R. The photograph at the left shows T. Harrington, 

W. A. Sumner and J. Doherty. Mr. Harrington and Mr. Doherty are in the Section R general 

service group and Mr. Sumner in the vacuum tube development group. The photograph on the 
right shows A. B. Wylie and K. Rohan of the Building Service Department 
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Universal Phonograph Reproducer 


By H. A. HENNING 
Electromechanical Development 


RECORDED voice is tireless, 

always available when needed, 

and of constant quality. These 
characteristics led to an early recog- 
nition of its value for telephone test- 
ing, but it could not be used for this 
purpose until the quality of the 
records and the reproducing system 
had been radically improved. It be- 
came possible in the 1920’s when the 
Laboratories developed its electrical 
method of recording and reproducing. 
Not only was there greatly improved 
quality, but also the possibility of 
recording such phenomena as elec- 
trical interference. 

A considerable library of records 
was then created by the Laboratories 
for telephone testing and for educa- 
tional uses. These records were lateral 
cut on discs; the recording was a spiral 
groove of constant depth which the 
needle follows. More recently, further 
improvements were made by the de- 
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velopment of vertical recording.* The 
higher quality and longer playing 
time obtainable with records of this 
type led to a library of vertical-cut 
records. It became necessary therefore 
to have reproducers of both types 
available not only for telephonic pur- 
poses but also for the large number of 
broadcasters who in recent years have 
been using both lateral and vertical 
electrical transcriptions in their pro- 
gram broadcasts. 

It is inconvenient to change repro- 
ducers when records cut by the two 
methods are selected successively, 
and a reproducer which would respond 
with equal facility to either type was 
obviously desirable. Its development 
was undertaken by the Laboratories. 
The idea of a two-purpose reproducer 
was not new but in previous devices it 
was necessary to alter their position 
or change the stylus when going from 

*Recorp, July, 1932, p. 389. 
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one type of reproduction to the other. 
The quality was usually poorer than 
that of single-purpose reproducers 
and the problem therefore was to 
devise one that could be used with 
either type of record without any ad- 
justment whatever, and would equal 
the best single-purpose reproducer of 
each type. 

During the early stages of design a 
reproducer was developed which met 
all the above requirements, but a 


Fig. 1—The 9A reproducer is very small. 
Its diamond stylus is at the base of aT lever 
with minute coils on each arm 


field trial disclosed an unexpected 
difficulty. Some of the lateral records 
encountered in the field had so much 
vertical surface noise that it com- 
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pletely blanketed the laterally re- 
corded sound when reproduced by a 
device which was responsive to both 
types of motion. Accordingly the 
original requirements had to be modi- 
fied and a reproducer, the gA, de- 
veloped which would select the de- 
sired type of reproduction. 

The external appearance of the 
Western Electric 9A reproducer and 
its associated arm are shown in the 
headpiece. A much enlarged view of 
the moving element appears in Figure 
1. Because the vibrating system is very 
small, it was designed as a separate 
unit to be attached as an assembly to 
the magnetic system. This unit con- 
sists of two voltage-generating coils 
mounted on a duralumin framework, 
which is supported by two cantilever 
springs. The fundamental design is 
the same as that used on straight 
vertical reproducers. 

Two very small coils of insulated 
wire are wound on a duralumin cup 
and the four fine lead wires are coiled 
loosely around miniature terminals 
located directly above the cup. To 
achieve flexural strength and proper 
inertia, these coils are wound in an 
odd oval shape best suited to fit 
within the magnetic poles of the re- 
producer. The coil forms one part of a 
duralumin cup which is drawn to 
shape in a complicated series of opera- 
tions and braced by a minute cross- 
rib as well as by its own contours. 
Supporting the moving structure and 
mounted midway between the two 
coils is a flat triangular-shaped spring 
that can readily flex up or down but 
not sideways because of its wide cross 
section. This spring restricts all mo- 
tions of the cup except the straight 
lift required in vertical reproduction 
and the rotation required for lateral 
reproduction. A very small thin dur- 
alumin tube is riveted to the cup and 
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to its cross brace so that it also sup- 
ports the spring. This tube carries a 
vane of viscous material proportioned 
to damp out unavoidable! high-fre- 
quency resonances caused by the 
elastic properties of the 
record. Into the other 
end of this tube is 
cemented the diamond 
stylus. The stylus is 
thus at the base of a T 
and the coils are at 
the extremities of its 
crossarm. One other 
support, a fine steel 
wire, connects the 
stylus end of the T to 
the frame of the repro- 
ducer. This wire flexes 
readily in any direc- 
tion but holds the 
stylus from being 
pulled forward by the 
motion of the record. 

In operation each 
coil moves axially in a 
radial magnetic field. 
This motion sub- 
stantially the same 
whether the coils are 
moving vertically or 
are being rotated from 
the drive of a lateral- 
cut record. The only 
difference in the voltages induced in 
the coils is a reversal in phase. If the 
coils are connected series aiding, the 
voltages in the two coils will add 
for vertical motion and cancel for 
rotary motion. When connected 
series opposing, the voltages due to 
vertical components are cancelled. 
This cancellation is not perfect but 
provides about 20 db of discrimina- 
tion against the unwanted signal. A 
switch placed near the turntable 
changes the connection. At the change- 
over from one type of record to an- 
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other, throwing this switch is the only 
operation required; if this is over- 
looked at the moment, it can be put 
right ‘without stopping the record. 

The magnetic circuit consists of a 


Fig. 2—The two pick-up coils are wound on a duralumin 
cup. A flat triangular spring between these coils supports 
them and the stylus. This spring flexes readily up or down 
but not sideways because of the wide cross section of the coils, 
thus restricting all motions except the lift required for vertical 
reproduction and the rotation of lateral reproduction 


rectangular bar of magnetic material 
to which are riveted two soft-iron 
U-shaped yokes, one of which carries 
the center pole piece. The two yokes 
are secured directly to the outside 
pole plate, which serves as a mounting 
for the reproducer and for all its ele- 
ments. A small terminal block and a 
protective housing surround the 
center pole piece and guard the lead 
wires. These details disassembled, and 
also the shape of the magnetic gap, 
show clearly in Figure 2. A dust-tight 
aluminum housing or nose piece pre- 
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vents dust or dirt getting in the small 
air gap in which the coil moves; the 
diamond stylus passes through a 
molded rubber diaphragm which fits 
the stylus tightly but flexes readily 
without hampering its motion. 

No matter how faithfully a record- 
ing is reproduced, the overall result 


reproducer, therefore, an adjustable 
equalizer was desirable, and one was 
developed under the direction of 
E. T. Mottram. It is known as the 
171A repeating coil, controlled by 
the KS-10066 switch. It serves not 
only as an adjustable equalizer but 
as a means of matching the imped- 
ance of the reproducer 


"oe | to the input of an 

amplifying system, 

z 75 = which may be 30, 250, 

equalizer characteris- 

& 99 tics desired are selected 
50 100 200 500 1000 2000 


5000 10,000 20000 by a rotary-type 


FREQUENCY IN CYCLES PER SECOND 


Fig. 3—The response of the 9A reproducer is essentially 

flat—up to nearly 10,000 cycles per second. It is made more 

sensitive for vertical reproduction to compensate for the lower 
level at which vertical-cut records are usually recorded 


would be unsatisfactory if there was 
any very appreciable “‘surface”’ noise. 
This noise, which varies with the 
material used for the record, consists 
for the most part of higher frequen- 
cies. To decrease its effect, the re- 
cording is made through an equalizer 
that raises the relative amplitude of 
the higher frequencies. This increases 
the signal-to-noise ratio of the re- 
corded material, and by being repro- 
duced through an equalizer whose 
characteristics are complementary to 
those of the recording equalizer, the 
higher frequencies are restored to 
their proper relative values, while the 
surface noise is decreased by the 
amount of the equalization. 

The characteristics required of the 
equalizer will depend not only on the 
material of the record but on whether 
it is lateral or vertical cut. For the 9A 


switch, which is also 
used to interchange the 
reproducer connections 
for vertical or lateral 
reproduction. These 
units, the 9A repro- 
ducer, the 5A arm, the KS-10066 
switch, and the 171A repeating coil 
form what is known as the reproduc- 
ing group. 

The response of the 9A reproducer, 
shown in Figure 3, is essentially flat 
up to nearly 10,000 cycles for both 
types of records. Most lateral-cut 
records are recorded at a slightly 
higher level than vertical records be- 
cause they are intended for acoustic 
reproduction. To compensate for this 
difference in level the 9A reproducer 
is designed to have greater sensitivity 
for vertical records and the output 
volume is thus made approximately 
the same for both. This 9A repro- 
ducer, which has performed excel- 
lently both for lateral and vertical 
service in commercial fields, meets all 
of the varied requirements of present- 
time phonograph reproduction. 
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Engineering an 


Improvement in 


Panel Clutches 


By C. C, 


BARBER 


Dial Apparatus Development 


the Laboratories’ work are analy- 

ses of existing telephone appa- 
ratus and design improvements to 
secure better and more economical 
performance. When equipment is 
originally developed, there are utilized 
the best technical information and 
design techniques available at the 
time. It is often difficult, however, to 
foresee all possible conditions that 
may arise over an extensive period of 
operation. In addition new materials 
and techniques come into use. It fre- 
quently happens, therefore, that a 
small inexpensive modification some 
time after the original development 
will result in very appreciable ad- 
vantages in the operation and main- 
tenance of the apparatus. 

An interesting example is a recent 
improvement in the clutches which 
move the elevators of panel selectors. 
Their essential elements are shown 
diagrammatically in Figure 1, where 
the upper sketch shows the clutch 
released. The cork roll rotates con- 
tinuously, and the separation between 
it and the rack and clutch roller indi- 
cates that no driving action is taking 
place. When the magnets are ener- 
gized, the armature moves up and the 
clutch roller presses the rack against 
the cork roll as indicated in the middle 
sketch. With continued motion of the 
armature, the pressure of the rack 
against the cork roll is increased. In 
the initial adjustment, the reed spring 


[ important in 
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is given a tension away from the 
roller arm by the lower nut of the 
adjusting screw; and when the pres- 
sure against the cork roll becomes 
great enough to overcome this ten- 
sion, a gap begins to open between the 
roller arm and the end of the adjust- 
ing screw. From then on, until the 
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Fig. 1—Diagrammatic representation of the 
original clutch from the open position, 
above, to the fully operated position, below 


armature strikes the end of the core, 
the armature and end of the reed 
spring move up faster than the roller 
arm, and the pressure on the cork roll 
can increase only by the added ten- 
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Fig. 2—Force-displacement diagram for the 
original clutch for various conditions 


sion of the reed spring. The com- 
pletely operated position is shown in 
the lower sketch. 

A force-displacement diagram for 
the operation of such a clutch is shown 
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in the upper sketch of Figure 2. The 
curved line represents the available 
pull of the magnets, which becomes 
smaller and smaller for larger core 
gaps. The width of the initial core 
gap is set by the position of the arma- 
ture stop, and is indicated by a. 
During the initial stage of operation, 
the only load on the magnets is the 
weight of the armature structure, in- 
dicated by the horizontal straight line 
near the bottom of the graph. At gap 
B, the rack is pushed into contact with 
the cork roll, and load builds up 
rapidly because of the resistance of 
the cork roll to compression. When 
the pressure against the cork roll is 
sufficient to overcome the initial 
tension of the reed spring, indicated 
by the horizontal dotted line un, the 
spring starts to deflect, and the load 
follows the line TR, R corresponding to 
the final pressure against the cork roll. 

The speed with which the clutch 
operates depends on the margin be- 
tween the force available from the 
magnets and the total load, which in- 
cludes the force exerted by the reed 
spring and the pressure against the 
cork roll. While operating speed is 
very important, it is not one of the 
limiting factors in the design of these 
clutches because adequate speed can 
usually be obtained with the means 
available. Control of the releasing 
speed, however, is very important. 
The brushes must be stopped accu- 
rately on the desired bank terminals, 
and if the clutch is slow to release, the 
brush will overthrow. Some over- 
throw necessarily exists, and is al- 
lowed for in timing the release of the 
clutch, but it must be small. What is 
particularly important, however, is 
that this release time remain essen- 
tially constant under all types of 
variations that may occur under 
normal operating conditions. 
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When the clutch is fully operated, 
the force tending to release it is R on 
Figure 2. The magnets are exerting a 
force M, however, which is considerably 
larger, and is mostly absorbed as 
pressure against the pole faces. When 
the circuit to the magnet is opened, 
the magnetic flux must decrease, 
therefore, to a value equivalent to the 
force R before the clutch will start to 
release. The effective opening force 
will then be the difference between 
the decreasing force of the magnetic 
flux and the decreasing opening force, 
which is a combination of the force of 
the spring, the pressure of the cork 
roll, and the weight of the armature. 

The gap s, at which pressure 
against the cork roll begins, varies in 
service. The rolls flex somewhat under 
the force of the adjacent clutches, and 
they change in diameter with tem- 
perature and humidity. Moreover, 
the distance between them and the 
clutch rollers will change with wear, 
both of the surface of the roll and of 
the bearings. Also the thickness of the 
rack will vary throughout its length, 
and it will change with wear. In ad- 
dition the cork roll may be slightly 
eccentric, resulting in a varying sepa- 
ration from the rack depending on the 
time at which the clutch is operated. 
Since all of these factors may affect 
the position of B, the clutch should be 
designed to give satisfactory opera- 
tion even though B occurs at widely 
different positions. On the other 
hand, the permissible value for the 
final pressure R cannot be allowed an 
indefinite range. Its lowest value must 
be great enough to give the required 
release time, and its highest value 
must be kept as low as possible so as 
not to produce too great a deflection 
of the roll or excessive wear on the 
cork rolls and bearings. Within these 
limits, the optimum adjustment of the 
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clutch will be that giving the widest 
range of screw-gap opening. The range 
in opening pressure should be as small 
as possible and the range in screw- 
gap opening, as large as possible. 

The earliest point at which the 
screw-gap may be allowed to open is 
determined by the intersection of the 
horizontal line of initial tension, 2”, 
and the curve of magnet force ML. If 
the rack should make contact with 
the roll at a point, such as F, that 
would tend to result in the opening of 
the screw gap before c, the pressure 
against the roll would become equiva- 
lent to the pulling force of the magnet 
before the initial tension of the reed 
spring was attained. Movement of 
the armature would stop where the 
line F-” crossed the curve of the pull 
of the magnet. Under these condi- 
tions, the magnets would not fully op- 
erate, and adequate pressure against 
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Fig. 3—Diagrammatic representation of the 
clutch with release spring—open position, 
above, and fully operated position, below 
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the roll would never be attained. If 
is taken as the minimum pressure for 
satisfactory release, the latest per- 
missible opening of the screw gap 


FORCE 
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>- 
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Fig. 4—Force-displacement diagram for 
clutch with release spring 


would be at p, and the range of 
screw-gap opening would thus be in- 
dicated by the distance from c to D. 

The two controllable variables af- 
fecting the range of 


remains the same. The screw-gap 
range c-D may be made wider, how- 
ever, by decreasing the slope of T-r, 
and it will be narrowed by increasing 
the slope of Tr. At 11 of Figure 2, for 
example, a lower initial tension is 
used, but the slope of TR is the same 
as for 1. Both c and D are moved to 
the right, but their separation is the 
same if the range in final pressure, 
RP in Il, is the same as Rv in I. At 
111 a steeper slope is used for TR, 
with the result that for the same 
distance RP, the range of screw-gap 
opening, cD, becomes less. 

In general the final pressure will be 
raised or lowered as the initial tension 
is raised or lowered, but the ratio of 
the range in final pressure to range in 
screw gap will not be changed. An 
increase in stiffness of the reed spring, 
however, will increase both the final — 
pressures and the ratio of pressure 
range to screw-gap range, and a de- 
crease in the stiffness of the spring 
will lower both. These rules, of course, 


screw-gap opening andy 
the range of final pres- 
sure are the initial ten- 

sion of the reed spring, 
represented by n-n, 

and its stiffness, which 

is included in the 
steepness, or slope, of ¥§ 
the pressure “‘build- 5 
up” T-R. For the same : 
range in final pressure, 
the earliest and latest $ 
opening of the screw 
gap, c and D, may be 
moved to the right or 
left by lowering or 
raising the initial ten- 
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sion -n, but the dis- 
tance between c and D 
will not be changed as 
long as the slope of TR 
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Fig. 5—Force-displacement designed for original clutch with 
a series of curves to show decreasing magnetic force 
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assume that rt will not cross the 
curve ML. A consideration of these 
factors leads to the use of as weak a 
spring as possible, and a value of 
initial tension that will give suff- 
ciently quick release, although the 
actual adjustment is complicated by a 
number of factors. The 


R of Figure 2. The pressure against 
the roller, however, remains propor- 
tional to R since it is exerted only 
through the reed spring. As a matter 
of fact, the final pressure on the cork 
roll, rR, can be made less than in 
Figure 2, because it is not so essential 


best adjustment, how- 
ever, will always leave 
rR well below m, and 
thus leave a consider- 
able reserve of force in 
the magnet in excess of 
the releasing load. 
Consideration of this 
fact, and of the gen- 
eral form of the force- 
displacement diagram, 


FORCE 


led to the conclusion FLUX IN 
that more satisfactory 

operation — particu- er 
larly more rapid re- 
lease — could be se- ae 
cured by adding the eer 
u-shaped spring shown I 


in Figure 3. This spring 
is not in action during 
the first part of the 
armature travel, but is 
picked up where the adjusting screw 
on the end of the spring hits the stop. 
Up to this point the action of the 
clutch is the same as without the 
additional spring, but beyond this 
point a releasing pressure is built up in 
the release spring that does not affect 
the pressure against the cork roll. 
The force-displacement diagram 
would be as shown in Figure 4, where 
the point of pick-up of the release 
spring is D. The operating cycle of the 
clutch up to this point is the same as 
in 11 of Figure 2, following the solid 
line aBptc. The picking up of the 
releasing spring at this point results 
in a rapidly increasing load cn, and 
an opening force N that is well above 


October 1940 


& 
ARMATURE GAP 


Fig. 6—Force-displacement diagram for clutch with release 
Spring with a series of curves to show decreasing magnetic force 


to quick release, and thus there will be 
less wear and consequently less main- 
tenance. The potential range of screw- 
gap opening is wider because the 
initial tension no longer acts as the 
minimum opening force, and can thus 
be made smaller. This will permit the 
position of c to be moved farther to 
the right. Also, the releasing time is 
shorter because of the higher releasing 
pressures, which range from s to N. 
- Probably the most important im- 
provement, however, is the decrease 
in the range of the release time. The 
release time depends on the releasing 
force and the time during which it 
acts. It is thus a function of the area 
between the curve of releasing force, 
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such as RTB of Figure 2 or NcTB of 
Figure 4, and the curve of the force 
of the magnet as it decreases follow- 
ing the opening of the circuit. Figure 
5 is a replot of 1 of Figure 2, but with a 
series of curves to represent the force 
of the magnet as its flux decreases 
after the opening of its circuit. The 
clutch will not begin to release until 
the force of the magnet has decreased 
to R. From here on, the width of the 
armature opening is given by distance 
to the right, parallel to the horizontal 
axis, and the effective releasing force 
at any instant is the vertical distance 
between RTB and the curve of mag- 
netic force, which is steadily falling 
toward the horizontal axis. This force 
will vary from instant to instant both 
because of the opening of the arma- 
ture, which causes the ordinate of the 
force to move to the right along RTB, 
and because of the falling of mt. A 
rough estimate of its integrated effect, 
however, may be obtained by assum- 
ing it to be equal to the area between 
RTB and some one of the ML curves, 
say that for ten per cent of original 
flux. For maximum gap this is the 
area between RTB and M’L’, while 
for minimum gap, it is the area be- 
tween vE and m’L’. The difference 
between these two areas represents 
approximately the difference in re- 
lease time for the two extreme gaps, 
the greatest force area giving the 
shortest release time. 

The equivalent conditions for the 
clutch equipped with a release spring 
are shown in Figure 6. The area here 
between NGTB and M’L’ is much 


greater than the corresponding area 
of Figure 5, and thus the release time 
is shorter. Much more important, 
however, is that the areas represent- 
ing the maximum and minimum re- 
lease times, that is the area between 
NGTB and m’L’ for quickest release, 
and that between sHE and m’L’ for 
slowest release, differ much less than 
do the corresponding areas of Figure 
5. The range in release time is thus 
much less. To bring out the com- 
parison better, the areas in Figures 5 
and 6 for shortest and longest release 
are shown single and double shaded, 
respectively. 

One of the common causes of un- 
satisfactory operation with the origi- 
nal clutch was that if a clutch oper- 
ated before an adjacent one released, 
its added pressure would increase the 
deflection of the cork roll and thus 
reduce the opening pressure for the 
adjacent clutch, and also reduce the 
release time. This effect is much re- 
duced with the modified clutches be- 
cause of the lower pressures on the 
roll. Another disadvantage of high 
pressure on the roll is that the elastic 
reaction at opening is greater; the roll 
tends to follow the rack even beyond 
the normal position, and thus extends 
the driving period and lengthens the 
release time by the same amount. This 
effect also is reduced with the modified 
clutches. Because of the changes made 
in the clutch, a new maintenance pro- 
cedure has become possible, as de- 
scribed in an accompanying article 
(page 67), which gives better results 
and is more easily carried out. 


Testing 
the Behavior of 


Improved 
Panel Clutches 


By J. O. JOHNSON 
Central-Office Switching Development 


N THE panel system, 

clutches are used to drive 

the brush rods up and 
down over the multiple banks. 
As described in another article 
(page 61), these clutches press 
a flat bronze strip, or rack, at- 
tached to the brush rod against 
a revolving cork roll, which 
provides the driving power. 
The essential features of one 
of these clutches is shown in 
Figure 1. The armature and 
the L-shaped bracket called 
the roller arm are pivoted at 
the same point. The reed 
spring, which is fastened to 
the roller arm near the pivoted end, 
is linked to the armature through a 
screw and adjusting nut. Through 
this linkage, the roller on the roller 
arm is forced against the rack when 
the armature is attracted by the 
magnets, and the rack, in turn, is 
forced against the revolving cork roll. 
As the armature is pulled up, pressure 
is exerted against the roller and a gap 
is opened between the lower end of the 
adjusting screw and the roller arm. 
The pressure exerted by the roller 
against the rack depends on the width 
of this gap and on the initial tension 
in the spring as determinedjby the 
position of the adjusting nut. 

Once adjusted, this arrangement 
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provides satisfactory driving pres- 
sure, but after a clutch has been in 
service some time, the clutch bearings 
and the cork roll will wear, so that the 
clutch armature will have to travel 
farther before the end of the adjusting 
screw leaves the roller arm. Another 
factor which affects the clutch is the 
contraction or expansion of the cork 
roll due to changes in humidity. This 
means that the gap between the ad- 
justing screw and the roller arm varies 
from season to season and that at 
times the gap resulting from wear and 
periods of low humidity is consider- 
ably less when the armature has fully 
operated than it was before, with the 
result that less pressure is exerted 
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against the rack. Besides reducing the 
driving pressure, this also decreases 
the force tending to release the clutch, 
because the only releasing force be- 
sides the weight of the armature and 
roller arm is the force against the 
roller. If the clutch does not release 
promptly, the brush rod will over- 
travel so that the brush may not be in 
contact with the proper bank termi- 
nals when the rod comes to rest. 
Another factor affecting the pres- 
sure on the roller is the deflection of 
the cork roll itself. The deflection 
caused by the operation of a single 
clutch is taken into account in the 
original adjustment, but where two or 
more clutches are operated simul- 
taneously, the screw gaps may in rare 
cases be reduced sufficiently to in- 
crease the releasing time beyond the 
safe limits, or to reduce the pressure 
against the rack to the point where 
slipping may occur. To insure proper 
action of these clutches, strict instal- 
lation and maintenance requirements 
have been placed on the minimum 
permissible screw-gap opening, and 
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Fig. 1—Arrangement of clutch showing reed spring 


and adjusting screw 
68 


the conditions under which it is 
measured have been carefully speci- 
fied. A long life between adjustments 
can be obtained only by decreasing 
the lower limit to which the gap can 
depreciate or by increasing the gap 
at the time of adjustment. To increase 
the gap requires that the rack be 
brought in contact with the cork roll 
earlier in the travel of the armature. 
If this is made too early the force built 
up against the cork roll will be greater 
than the pull of the magnet at this 
wide gap, and the armature will not 
fully operate. Another factor affecting 
this upper limit to the gap is that the 
greater the pressure on the cork roll, 
the faster will it and the bearings 
wear. It is these opposing factors that 
have necessitated rather narrow main- 
tenance limits and the consequent 
relatively frequent readjustments. 

It is now possible to improve these 
conditions by adding a U-shaped re- 
lease spring, the design features of 
which have been described (page 61). 
This spring, which is shown mounted 
on the clutch in Figure 2, makes the 
releasing force largely 
dependent of the force exerted 
by the roller on the rack. It is 
attached to the armature by 
the adjusting nut already on 
the clutch, and on the other 
end of the U is an adjusting 
screw that hits a stop fastened 
to the frame of the clutch as 
the armature moves upward. 
The pressure this spring exerts 
is changed by moving the ad- 
justing screw shown on the 
bottom part of the U spring in 
Figure 2, to vary the point of 
travel at which it hits the stop. 

One benefit of the release 
spring is that, on the average, 
the tension of the reed spring 
is less than that obtained with 
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the previous adjustment. The higher 
reed spring tensions obtained with the 
previous adjustment resulted in large 
pressures against the racks with a 
consequent tendency to produce grad- 
ual curvature of the racks. This con- 


dition is appreciably 


clutch and is set so that a contact is 
opened and a lamp extinguished when 
the non-freezing plate on the clutch 
armature is up against the core of the 
magnet. A test set is used to adjust 
the value of current through the 


improved due to the 
lower spring tensions. 
Besides reducing the 

wear of the clutch bear- CLUTCH 

ings and cork roll, Vj 
lower tensions also re- “aa la 

sult in a decrease in rs ll. “ y cork? 
the deflection of the RELEASE | 
cork roll when a sec- a = 
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sures on the cork roll, aaa 

moreover, the opera- SPRING 

tion of another clutch re 


will have less effect, 
and will therefore be 
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less likely to cause the 
rack to slip. These con- 
siderations make it 
possible to safely per- 
mit the screw gap to 
become smaller before 
readjustment of the 
screw iS necessary. 

The effect of adding the release 
spring is indicated graphically in 
Figure 3, which gives results from 
measurements on brush overthrow 
for various screw-gap openings for 
clutches with and without the release 
springs. The excess overthrow is en- 
tirely eliminated, and in fact the 
telease is so quick that the overthrow 
is less than for the original adjust- 
ment without the release spring. 

To facilitate adjustment of these 
clutches, two electrical gauges have 
been developed to indicate when the 
adjustment is correct by the lighting 
or extinguishing of lamps. One, shown 
on page 67, clamps on the frame of the 
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OPERATED 


Fig. 2—A clutch equipped with release spring to provide a 
releasing force regardless of the screw-gap opening 


winding to the operate and non-operate 
values, and the release spring adjust- 
ing screw is set so that the lamp goes 
out on the operate current and does 
not go out on the non-operate current. 
The other gauge, arranged in a some- 
what similar manner, is mounted on 
the roller arm and used for checking 
the opening of the screw gap when 
the clutch is operated. With these two 
gauges accurate adjustment can be 
made more easily, and it is possible to 
check and adjust the clutches with 
the rack free to move when the clutch 
is operated and thus to adjust the 
clutches on a basis comparable to 
actual service conditions. Heretofore, 
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the rack has been blocked to check the 
screw gap and the operate and non- 
operate adjustments. 

Each elevator rod on a panel frame 
is operated by a clutch equipped with 
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Fig. 3—Brush overtravel for various screw- 
gap openings with and without the spring 


two or three driving units depending 
on the type of frame. One is used to 
drive the rod up and one to drive it 
down, while the third—used only on 
certain frames—is used with a third 
cork roll to give a slow-speed up drive. 
The requirements for the down-drive 


clutch are much less severe than those 
for up-drive clutch because the pres- 
sure required is very small, and 
promptness of release is less im- 
portant. The brush rods will move 
down under the influence of their own 
weight, and the down-drive roll is 
used chiefly as a brake to control the 
down-drive speed. For this reason the 
down-drive clutches are not equipped 
with release springs. 

The major advantage of the new 
arrangement is that the clutch ad- 
justment can depreciate more than 
twice as much, due to wear, cork roll 
changes, and other considerations, be- 
fore the clutch should be readjusted. 
This is accomplished by adjusting to a 
wider screw gap which will insure 
driving the brush rod over a longer 
interval, and by a greater spread be- 
tween the electrical values that are 
used for testing purposes and those 
used for adjusting. 

Another advantage is that the con- 
dition of the clutch adjustment can be 
more easily determined by the new 
gauges than is possible with the 
gauges used before. These release 
springs are intended for attachment 
only to clutches of the reed spring 
type. The provision of a release spring 
for clutches of the helical spring type 
is under consideration. 

The release spring is intended only 
for use on the up-drive mechanism 
because the driving action must be 
more closely controlled in setting up a 
call than in returning the apparatus 
to normal. Similar adjustments, based 
upon having the brush rod in motion 
when the requirements are being 
checked, will, however, be applied to 
both up- and down-drive mechanisms. 
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G. W. Cow_ey was graduated from the 
University of Nebraska in the early 
spring of 1930 with the degree of B.Sc. in 
Electrical Engineering. He was employed 
by the Lincoln Telephone and Telegraph 
Company in the fall of 1923. About one 
year was spent in outside plant main- 
tenance and from that time until he was 
transferred to the Laboratories in 1930, 
he was engaged in maintenance work on 
step-by-step equipment. He is now en- 
gaged in development of open-wire car- 
rier terminal equipment in the Trans- 
mission Development Department. 

H. A. Henninc graduated from the 
Pennsylvania State College in 1926 with 
the degree of B.S. in Electrochemical 
Engineering. Joining the Laboratories in 
the same year, he was associated with the 
group developing methods and instru- 
ments for the recording and reproduction 
of sound. He was engaged in this work 
until about two years ago, when he trans- 
ferred his activities to the development 
of coin-collector equipment in the Station 
Apparatus Development Department. 

AFTER SEVERAL YEARS of experience 
elsewhere in the engineering field, C. C. 


G. W. Cowley 
October 1940 


H. A. Henning 


Barber became associated with the Bell 
System in 1916, entering the Panel Appa- 
ratus Drafting Department at West Street. 
In April of 1918 he was made supervisor of 


this department. In 1920 Mr. Barber 


transferred to the panel apparatus design 
group. Here a number of his ideas became 
the subject of patents, notably the 
method now in current use of attaching 
springs to centrifugal governors on the 
cork roll drive, and the oil-circulating 
pump used on this drive. The use of cork 
compression discs to take up thermal ex- 
pansion in the 153-type interrupter is 
also his idea. Since August of 1930, Mr. 
Barber has been engaged in the super- 
vision of a group of engineers whose 
activities are identified with the design of 
panel and crossbar apparatus. He is also 
an instructor in the Out-of-Hour course, 
Manufacturing Methods. 

AFTER RECEIVING the B.S. degree from 
Harvard in 1930, R. O. Grisdale joined 
the Chemical Department of the Lab- 
oratories. There, until 1939, he was con- 
cerned with investigation of the prepara- 
tion, structure and properties of varistors, 
semi-conducting materials and ceramics. 
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R. O. Grisdale 


At that time he transferred to the Physi- 
cal Research Department where he is 
now engaged in fundamental studies of 
microphonic action. His work deals in 
part with the correlation between the 
structure and the properties of carbon 
which are of importance to its use as a 
microphonic material and as a resistance 
element for use at high frequencies. 

H. I. Bearpstey received private in- 
struction in engineering for several years 
while employed in the drafting depart- 
ment of the Crocker Wheeler Company 
with which he was associated from 1908 
to 1920. In 1916 he received an LL.B. 
degree from New Jersey Law School but 
continued in an engineering capacity. 
In 1920 he joined the Laboratories and 
for two years prepared apparatus speci- 
fications. In 1922 he was transferred, as a 
supervisor, to the apparatus design group 
responsible for the design of central 
office and station keys, and in 1923 he 
became supervisor of a station apparatus 
design group. In this latter capacity he 
has been associated with the design of 


H. I. Beardsley 


J. O. Johnson 


telephone and subscriber sets, telephone 
booths, cable terminals, protectors, dial 
mountings, connecting blocks, etc. More 
recently his responsibility has been re- 
lated primarily to the design of the new 
combined type telephone sets of desk 
and wall types for both associate and 
non-associate use. 

J. O. Jounson spent three months with 
the Southwestern Bell Telephone Com- 
pany in the summer of 1926, and after 
graduating from Kansas State College 
with a B.S. degree the following year, at 
once joined the Technical Staff of Bell 
Laboratories. Here he first engaged in 
tests and analyses of panel selector cir- 
cuits, and later in tests and analyses of 
various problems connected with the 
operation of the “fundamental” circuit of 
the panel dial system. He subsequently 
worked on Bell System Practices, par- 
ticularly those concerned with the panel 
and crossbar systems. He also investi- 
gated difficulties in the operation of panel 
clutches, and conducted extensive field 
trials of the new clutch requirements. 
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